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INTRODUCTION

The purpose of this study is to suggest definitions and names for the

broad groups of soils in Alaska, to explore their relationships to their

enviroment, and to summarize the needs for soil research in the Ter-

ritory. Although practical problems are dealt with, the main purpose

is rather to suggest the background for detailed consideration of soil

research programs to service the present population and to guide new
settlement.

The study rests mainly on field excursions made during the sum-
mer of 1946, supplemented by laboratory results obtained subsequently

on samples collected in 1946. Extensive use has also been made of pub-

lished material, including two early soil reports (4, ^),^ but with no
attempt to list all the many papers on Alaska. The maps and bulletins

of the United States Geological Survey have been most helpful, espe-

cially in compiling the schematic soil map. The soil study in 1946

was made along with a more general study (28) of the agricultural

research needs of Alaska in which specialists from several fields took
part.2 In contrast to that more general report, this bulletin deals

specifically with the soils of the Territory.

Alaska is becoming an increasingly important part of the United
States. Its natural resources have been only partly explored, let

alone developed. These will become more important to the people in

the mainland of the United States and especially to those who make
their homes in Alaska.
Among these resources are soils. The total area of soils suitable

for cultivation, with the present state of the agricultural arts, is

very low for such a big place, probably less than one million acres,

or less than 0.3 percent of the whole area. But such a figure changes
with the agricultural arts and with economic conditions. Further,
soil use in Alaska depends upon the other resource uses: With an
increasing population, the local demand for food crops goes up ; and
local production of electric power, transport, and the other essentials

of efficient farming expands the potentialities of the soils. Then, too,

the broader the economic base, the easier essential social services can
be provided for all.

Thus, beyond their interest as natural history, some notion needs
to be had of the soils in the whole Territory, not simply those now
considered arable or potentially useful for crops and pasture. Even
though it may be a long time before we use any significant part of the

vast areas of Tundra soils, for example, their nature and genesis need
to be understood. Further, certain soil processes can be studied best

in their extreme expression in Tundra—processes that go on now to a
less extent, or that have gone on formerly, in potentially arable soils

of warmer regions.

^ Italic numerals in parentheses refer to Literature Cited, p. 137.

^Also in 1948, Dr. Nygard made another visit to Alaska, with Dr. Allan H.
Mick, now in charge of soil research for the Alaska Agricultural Experiment
Station, organized that year.
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It is not the purpose of this paper to provide precise answers for

the many questions about potentialities of specific tracts of soil and
about specific soil management practices. These answers will be

available only as detailed soil surveys and other soil researches are com-
pleted. It is hoped that the summary of soil studies that follows

will give a useful background for seeking the answers and for sug-

gesting the general directions along which they lie.

METHODS

Soils were examined and described at sites in many parts of the

Territory. At some of the sites that appeared to be representative of

important soil types and great soil groups, samples of the horizons

of the soil profiles were collected for subsequent examination in the

laboratories of the Bureau of Plant Industry, Soils, and Agricultural
Engineering, Beltsville, Md.

Soils and plants were observed along many miles of travel. Sites

were chosen to be as representative as possible, but choices were, of

course, sharply limited by the road system. Air transport made pos-

sible visits to such relatively isolated places as the Aleutian Islands,

Point Barrow, Kodiak Island, and the loAver Kenai Peninsula.
The descriptions of specific profiles sampled are based directly on

the original field notes. The descriptions of the groups, however, are

based upon these and a great many additional soil descriptions—far

too many to report in detail. Thus, the interpretations made rest upon
many field data besides those reported.

The laboratory data reported were obtained by the standard
methods commonly employed at the Bureau of Plant Industry, Soils.

and Agricultural Engineering.^ Mechanical analyses were made by
the pipette method accoj-ding to Kilmer and Alexander {17). In
comparing the results to those obtained on soils from the mainland
of the United States, it must be recalled that, generally, in the clay

portion of the soils in Alaska the particles are relatively coarse and
that soils rich in silt may be very low in clay, especially fine clay.

Then, too, the silt particles may average larger than usual.

Exchangeable metallic cations were determined with extraction of

the soil with normal neutral ammonium acetate solution by methods
described by Peecli and others (21). Exchangeable hydrogen was
determined on a separate sample by the triethanolamine method.
Organic carbon was determined by dry combustion, except for a

few samples examined by the hydrogen peroxide method. The pH
values were obtained by the glass electrode, using a 1 to 1 soil-water
ratio. Phosphorus was determined colorimetrically after extraction

with 0.002 normal sulfuric acid solution. The method for available

phosphorus is described by Peech aud others (21). So far. results

have not been standardized with field plots for interpretations of

^ Mechanical analyses and pH were by E. C. Simpson, S. M. Spillman, and L. E.
Swales ; exchangeable cations by F. D. Davol and R. E. Nelson ; carbon and nitro-

gen by E. F. Miles ; available phosphorus by E. M. Roller ; copper, zinc, and lead
by H. W. Lakin and L. Reicken ; and molybdenum and fluorine by W. O. Robin-
son and G. Eduinuton. L. T. Alexander and V. J. Kilmer contributed substan-
tially^ to the planning and interpretation of the laboratory studies.
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phosphate fertilization of soils in Alaska. Manganese is reported
from determinations on air-dry samples.

Minor nutrients were determined on a few samples; fluorine by
the method of Willard and Winters (2) ; copper, zinc, and lead by
the dithione method; and molybdenum by the colorimetric thiocy-

anate method of Sandell (23).

GEOGRAPHIC SETTING OF ALASKA

Alaska forms the northwestern part of North America as a great
peninsula extending westward almost to the tip of an eastward thrust-

ing peninsula of Asia. At the narrowest place in the Bering Strait,

only 56 miles separate the two continents. Here the Strait itself is

shallow over a slightly submerged continental shelf separating the

Arctic Ocean from the Bering Sea.

Alaska has a main body and two long arms. The main body lies

roughly between latitudes 60° and 71° N. and longitudes 141° and
165° W. Around one-third of the Territory lies north of the Arctic
Circle.

One long arm of mainland coast and islands, some 15 to 125 miles

wide, extends southeast for 500 miles or so between Canada and the
Pacific Ocean. Another longer and thinner arm extends to the south-

west, first as the rocky Alaska Peninsula and then, for over 1,000

miles to the west, as the narrow arching chain of the Aleutian Is-

lands—a chain that reaches into the Eastern Hemisphere.
The whole has an area of some 586,400 square miles—about one-

fifth that of the mainland of the United States ; but with its extend-
ing arms, its reach is about the same. Because of the many peninsulas
and islands, especially in the southeastern arm, Alaska has nearly

34,000 miles of shore line.

Physiographic Provinces
*

Broadly defined physiographic provinces are sketched on a general
relief map of Alaska (fig. 1). These are described briefly in the
following paragraphs

:

Arctic Coastal Plain.—Shallow sluggish streams meander
through this lake-dotted treeless plain of Tundra soils (fig. 2, A). It

slopes up very gently from the Arctic coast until it merges into the
foothills and plateaux of the Northern Mountains at 400 to 600 feet

above sea level. Local areas have distinctive microrelief—low mounds
and ridges separated by shallow basins and troughs (fig. 2, 5). The
surface soil, rich in organic matter produced by the dwarf shrubs and
other arctic plants, is underlain by unconsoliclated mixtures of sand
and silt containing some clay. These entirely cover the underlying
bedrock, except for a few outcrops of sandstone and shale along some
of the stream valleys. Permafrost (ever-frozen subsoil) is general.

Little of the area is occupied, except for a few Eskimo villages near
the coast. ^

* Publications of the U. S. Geological Survey have been drawn on heavily for
this section.
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I from Landform Map
»y Edwin Ralsz, 1948

Division of Soil Si/rvey (J. S. D. A. 19S0

FiGUKE 1.—Broadly defined physiographic provinces. (Generalized largely from
data of the U. S. Geological Survey.)

Arctic Plateau.—Treeless plains and foothills rise gently from
some 500 feet along the indistinct northern boundary to about 2,000

feet on the slopes of the Brooks Range (tig. 3) . Valleys are separated
by moderately to strongly sloping ridges. Sandstone outcrops on most
of the higher ridges, and shattered fragments cover much of the up-
land. Much of this land has Tundra soils with permafrost. Although
a great summer nesting ground for migratory waterfowl, the area is

nearly uninhabited.

Northern Mountains.—The Brooks Range dominates this belt of

rugged mountains. Rare peaks reach 10,000 feet but few exceed 8,000

feet. The higher slopes are nearly bare—sandstone and shale in the

north, and sandstone, shale, and limestone in the south. Because of

the low precipitation, only -a few of the higher valleys at the east end
of the range have glaciers, despite the cold; jxt nearly all the area

shows some effects of past glaciation. Soils on the high steep slopes

are very thin or wanting. Glaciers have filled the upper valleys with
sand and gravel. The bedrock of the lower north slopes is covered
with talus. On still lower foot slopes, additional sediments have been
left. Tundra soils with permafrost have developed on the unconsoli-

dated materials.
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Figure 2.—The Arctic Coastal Plain is a wet lowland of Tundra and water.
A, Air view of lake-dotted plain. B, Characteristic microrelief of low mounds
or platforms with shallow troughs between.

Central Valley and Plateau.—The central part of Alaska is in-

cluded in this province. Most of it lies south of the Arctic Circle,

south of the Northern Mountains, and north of the Southern Moun-
tains, dominated by the towering Alaska Eange. The uplands are
dissected plateaux, with bedrock benches, old terraces and fans, and
hills, together with low mountains and foot slopes of the bordering
mountain ranges (fig. 4). The alluvial basins of three large rivers

—

the Yukon, the Tanana, and the Kuskokwim—are made up of old allu-

vial terraces, flat poorly drained flood plains, and peaty swamps and
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marshes. Deep gravel deposits, some nearly 3,000 feet thick, form
extensive terraces north of the Alaska Range. Thick unconsolidated

deposits of silt, sand, gravel, and peat fill many of the basins and
lowlands. Local patches of glacial till and wind-blown silt and very
fine sand are found. Generally, thin forest with a shrubby unclerstory

covers the land, except for high places too cold for trees, barren slopes,

and young flood deposits. Except for gravelly well-drained areas,

irregular permafrost is common.

N

'^

Figure 3.—Air view between Brooks Range and Barrow, sliowing the meandering
streams in the treeless plains and foothills of the Arctic Plateau.

Yukon Flats.—This is a broad wet flat of poorly drained silty al-

luvial deposits bounded by low hills and terraces. It contains many
ponds and lakes filled by overflow from the Yukon and its tributaries

during flood stages. The basin has a gentle slope from east to west
of about 1 foot per mile. The surface layers of silt and sand are
underlain by strata of increasing coarseness until finally gravel beds
are reached. The area is well covered with small trees. A few large

trees grow on the river banks and in well-drained places. The soils

are permanently frozen only in scattered spots, with permafrost at 1

to 3 feet. \

YuKoN-KusKOKAViM Delta.—Tliis nearly flat swamp}^ lake-dotted
treeless plain, flooded at high water, slopes upward from the Bering
Sea to around 100 feet (fig. 5). The surface is mainly silt, peat, and
water. The soil is permanently frozen except for thawing of the sur-

face soil and lake ice durino- summer months.



PRINCIPAL SOIL GROUPS OF ALASKA

1

t.ymj.M>rm0;'«^'s^ .^Aig r»«ar^.^ "^;.

Figure 4.—The Central Valley and Plateau consists of iiplaiKls and alluvial

basins. A, Garden on a low foot slope in the foreground, with tree-covered
terraces beyond the sloping upland in the distance. B, View in the Tanana-
Yukon Upland near 12-Mile Summit : Mountain Tundra soil [14] with mounds
in the foreground, and low mountains in the background.
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Figure 5.—The Yukon-Kuskokwim Delta is a nearly flat swampy treeless plain

of Tundra soil and water, flooded at high water. (Photo by D. A. Savage.)

Bristol Bay Coastal Plain.—Generally, this is an area of poorly
drained lowlands, sloping upward from the coast, with a few isolated

rocky hills in the Nushagak and Mulchatna valleys and some hills and
sand dunes along the Alaska Peninsula. Thick deposits of silt, sand,

and gravel lie at the head of Bristol Bay and in the main valleys. The
cover is mainly shrubby, and there is some permafrost.

Southern Mountains.—This area of mountains and glaciers is

dominated by the Alaska Range, including Mount McKinley with its

summit at 20.300 feet (fig. 6) . The mountains are very rugged, rocky,

and steep-walled. Many kinds of rock are exposed. Between ridges

and peaks are retreating glaciers and flat -floored glaciated valleys

filled with glacial sand and gravel. Old sandy and gravelly terraces

and fans border some of the valley floors. Thick deposits of volcanic
ash lie on Kodiak Island and near the volcanic cones on the Alaska
Peninsula.
Many of the steep slopes are bare, especially at the high elevations.

In the Alaska Peninsula most of the rocks are bare above 1,000 feet

;

others are covered with everlasting snow and ice. Elsewhere, the
smoother upland has a low cover of shrubs and other arctic plants

with thin forest in the lower stabilized valleys. The higher land and
northern slopes have permafrost.

Cook Inlet Lowland.—Inland from a lake-dotted swampy lowland
are broad forest-covered terraces (fig. 7) broken by low hills and ridges

rarely above 300 feet. The surface material has, generally, a gravelly

and cobbly base that may be exposed or may be covered to various
depths up to 5 feet with sands, very fine sands, and silts. The good
soils of the lower Matanuska Valley are formed partly from wind-
blown silt and very fine sand carried up from the bed of the Matanuska
Eiver by easterly winds. The west side of the Kenai Peninsula is a
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low tilted bench, covered with morainal and outwash material and
underlain by sandstone and shale at great depths. Permafrost is con-

fined to a few^ low peaty places.

FiGUEE 6.—The Southern Mountains are rugged and rocky, with many snow
fields and glaciers. A, North of Juneau. B, Surface of Grand Plateau Glacier
below Mount Crillon. (Photo by D. A. Savage.)

Copper Kiver Basin.—This broad lowland slopes gently to the east

(fig. 8). Deep miconsolidated materials, more than 600 feet thick in

places, fill the basin. The covering of sands and silts extends well up
the mountain slopes Some of the low hills have gravelly surfaces.

The surface soils are predominantly silt loams and silty clay loams.

Some parts have permafrost.
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FiGUKE 7.—Inland from the swampy lowland are broad forest-covered terraces
broken by low hills and ridges. A, Some of these terraces have been cleared
of trees and are now cropped. (Photo by the late L. J. Palmer.) B, The
shallow silty surface material has a gravelly and cobbly base, exposed in
many places.

Southeastern Alaska.—The mainland is dominated by rugged
rocky momitains and glaciers. In places mountains rise abruptly from
the shore. Generally, the coastal benches are narrow, but a

few extend inland several miles. Valley bottoms are generally

swampy and include many lakes. The important coastal forest ex-

tends up the mountain slopes to about 2,000 feet. Higher land is

covered with thin shrubby alpine plants or is bare rock or snow and
ice (fig. 9).

Aleutian Islands.—This island chain is a partially submerged
series of volcanic mountains extending west and southwest from the tip

of the Alaska Peninsula. Attn, at the end, is some 35 miles long and
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20 miles wide. Unimak, the most easterly one, is 70 miles by 20 miles.

Besides the islands shown on small-scale maps are many tiny ones.

The islands are dominated by volcanic rocks.^ Many have rugged
rocky mountains that rise from the sea with steep-walled cliffs. Some
of the volcanoes have been active recently (fig. 10). Deposits of ash
and cinders of various ages are abundant. Some of the deposits have
been reworked by wind and especially by water. Mountains in Attn
reach 3,000 feet. The highest volcanic peak on Unimak reaches up
to 9,372 feet. Some islands are low. Few points on Shemya, for

example, exceed 200 feet ; and a large part of the island is a shallow
peat -filled basin. Several have both mountains and lowlands.
Except for the high mountains and the very steepest slopes, low

shrubs and other arctic plants cover the land completely. There is

no permafrost.

Figure 8.—The Copper River Basin is a broad, poorly drained lowland sloping-

very gently to the east. Looking east from the Richardson Highway toward
Mount Drum. (Photo by A. E. Edgar.)

Glaciation

Living Glacieks.—Most of the living glaciers in Alaska, and indeed
the only large ones on the mainland of North America, are in the
Southern Mountains and in southeastern Alaska (figs. 6 and 9).

Glaciers are not necessarily in the coldest places. Of course, the high
Alaska Range is cold. But so is the Brooks Range, with very few
glaciers. Ice fields develop only where cold and relatively high pre-

cipitation occur together. The great glaciers in southern Alaska, some
of which come down to the very coast and break into the sea, receive

about 100 inches of precipitation.

^ Some sedimentaries are reported on Akun, Unalaska, Umnak, Atka, Amchitka,
Kiska, and Little Kiska (24). Attu has largely metamorphics and sedimen-
taries. Granite is exposed in some inlets near Adak, and greenstone in others.
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Many large and fascinating valley and piedmont glaciers are rela-

tively accessible (fig. 9). Tarr and Martin {26) have pnblished a

report on the ice fields of Alaska for the National Geographic Society.

These and other stndies are continuing.

Here in Alaska the soil scientist can see first-hand the effects of

glaciers. Landscapes are reshaped, rocks are pulverized, rocks and
rock flours are mixed together, old soils are buried, along with the

plants growing on them, and new soil material is left by the retreating

glaciers and by the streams fed from the melting ice.

Figure 9.—The mainland of southeastern Alaska is dominated by rugged, rocky
mountains with snow and glaciers. View of snow-capped Mount Fairweather
and glaciers. Delta in the immediate foreground, with a piedmont glacier
back of it. (Photo by D. A. Savage.)

The formation of loess, a secondary result of glaciation, can be

seen going on now in Alaska in ways suggestive of what may have
happened on a huge scale in the American Middle West. Silty and
very fine sandy dust, picked up by strong winds blowing over the wide,

braided bed of the glacier-fed Matanuska Kiver, is being laid over the

lower Matanuska Valley (fig. 11). Deposits of such wind-blown
material may be seen in many other places, especially near Fairbanks
where the loess was probably laid down in periods of much greater

wind than now (27) .

Much of the material for the productive soils in Alaska was deposited

by glacial processes and later reworked by moving water and wind.
Although dramatically conspicuous, living glaciers cover only some

20,000 square miles, or slightly more than 3 percent of the Territory

(7) . It is therefore quite wrong to conceive of Alaska as a forbidding
land of ice and snow.
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Glaciated Areas.—It is assumed by some that the living glaciers in

Alaska are mere remnants of larger glaciers of the past. The largest

area of glaciation, as judged by deposits on the land, is southeastern

Alaska and the Southern Mountains. Another area coincides roughly
with the Northern Mountains. Capps (7) has prepared a map show-
ing these areas and many small ones scattered throughout the Central

Valley and Plateau, espe-

cially at the higher eleva-

tions. With additional

surveying, other areas of

glacial drift will no doubt
be found.
Much of arctic and sub-

arctic Alaska remained
unglaciated while the

great continental ice

sheets stood over northern
North America, because it

had relatively low precip-

itation then as now.

Native Vegetation

The contrasting com-
binations of climate, re-

lief, and rock materials in

Alaska are reflected in

both plants and soils.

Three broad associations

of native vegetations cover
the Territory (i), as

shown in figure 12: (1)
The tundra flora

; (2) the
thin Boreal forest of the
interior; and (3) the
heavy coastal forest of the

lower Pacific slopes in the
central and eastern and
southeastern parts of
southeastern Alaska.
The boundaries shown in figure 12 are only approximate, since

each association merges with its neighbors through overlapping transi-

tion zones and because many projections and islands of one association

are within another and too small to show on such a map.

The Coastal Forest.—This association extends from the southeast-

ern corner in the Ketchikan area, where the rainfall is highest and the
temperature most uniformly high, northw^est and west along the
Pacific Ocean and the Gulf of Alaska well into Prince William Sound.
Sitka spruce {Picea sitchensis) and western hemlock {Tsuga mer-

tensiana) are the dominant trees. The spruce grows taller and, in

the southern part near Ketchikan, reaches a diameter of 5 feet or more

;

892183"—51 2

Figure 10.—Some of the volcanoes in the Aleu-

tians have been active recently. Okmok
Tulik Crater on Umnak Island, June 5, 1945.

(Photo by Mrs. Catron.)
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but the hemlock trees are more numerous. Alaska yellow-cedar
{Ghamaecyfaris nootkatensis) ^ sometimes called Alaska cypress or

yellow cypress, and Western redcedar {Thuja plicata) are common
throughout, although these species are generally restricted to small
areas.

Figure 11.—Silty and very fine sandy rock flour is being picked up by strong-

winds blowing over the wide, braided bed of tlie Matanuska River to be laid

down over the lower Matanuska Valley.

Common shrubs in the understory include alder {Ahius sp.), willow
{Salix sp.), goatsbeard {Spiraea sp.), blueberry {Vaccinium sp.),

elderberry {Saiiibucus sp.), and a large raspberry {Rubus pedatus).

Dense stands of ferns and devilsclub {Echlnopanax horridum) are

found in places. The ground cover consists mainly of several kinds
of mosses.

The heavy forest and undergrowth extend from the tidewater up
the mountain slopes to about 2,000 feet. In places near the Gulf of

Alaska, the timber line comes at 1,000 feet; while in the southern
part, it is occasionally up to 3,000 feet. This forest could be managed
to give substantial yields of pulp and other products on a sustained-

yield basis.

The Boreal Forest.—A thin forest, similar to the taiga of Siberia,

covers much of inland Alaska below the high elevations. White
spruce and black spruce trees {Picea glauca and P. mariana) are domi-
nant. Along with them are birch (Betida sp.), quaking aspen {Pop-
ulus tremuloides) ^ and other poplars. In the southern part, the pop-
lars are generally large trees, often called cottonwoods locally. Be-
sides quaking aspen, poplars include one called large-leaved cotton-



PRINCIPAL SOIL GROUPS OP ALASKA 15

Division of Soil Survey U. S. D. A. 1950Base from Landform Map
by Edwin Raisz, 1948

F.GTJRE 12.—Sketch map showing broad associations of native vegetation.

(Based partly on data of the U. S. Geological Survey.)

wood {P. tacamahacca) and another (/^. trichocarpa) ^ very similar

to the balsam poplar in the northern part of the Lake States. Besides
these, tamarack trees {Larix lancina) and willow and alder shrubs
are dominant in places. In the northern part, trees are reduced in

height and girth as the forest merges with the tundra.

Generally, aspen grows on the well-drained sandy or gravelly soils

;

white birch is most conspicous on well-drained south-facing slopes;

and spruce, wdth or without some white birch, or even nearly pure
stands of tamarack, on smooth poorly drained sites (including Half
Bog soils). Willow and alder also grow in poorly drained places.

Especially in the northern part of the area or at high elevations,

where this association merges with the tundra, many dwarf or shrub
birch are found. These vary widely in size and form. J. P. Anderson ^

suggests that some of these are crosses with birch trees. The most
common dw^arf birch in the Boreal forest is Betula glandulosa. In
the tundra association and near its ii>argin B. nana predominates.
Dwarf heath shrubs, especially Alaska-tea and Labrador-tea

{Ledwm sp.), are the dominant undercover in the Boreal forest.

Department of Botany, lovra State College. Oral communication.
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Mosses and lichens form the ground cover, along with cranberry (cow-
berry or foxberry) {Vacciniwn vitis idaea) and crowberry {Em-
petrum nigruTYi). In places Sphagnum moss is dense, along with
horsetail {Equisetvmi ^^.)

,

TuNDKA ^ Association.—^As shown in figure 12, this association

includes the treeless areas of the far north where permafrost is usual
and the more southern treeless areas without permafrost. In more
detailed study two kinds may be lecognized—grassy tundra and
shrubby tundra. Polar, or arctic, shrub tundra is found in the drier

parts, say places with less than 8 inches of rainfall on slopes with heavy
runoff. Dwarf birch (Betida nana), various low shrubby and pros-

trate willows, and dwarf heath {Ledmn sp. and Vacciniuon sp.) are

most conspicuous. In the grassy tundra are several species of sedges
{Carex and EriopJioniin), some grasses, and other herbaceous and
grasslike plants with a few shrubs. But a large number of other
plants, including beautiful flowering plants, grow in the tundra asso-

ciation. C. C. Nikiforoff ^ reports dwarf birch and prostrate willow
as prominent in northern Siberia. In traveling across Siberia directly

to Alaska, the senior author has been impressed with the similarity of

the tundra and taiga of Siberia to those of Alaska.

In the northern part of the Territory the tundra and the taiga (or

Boreal forest) intermingle in places to form a transition association of

semiopen scrubby spruce forest with mosses and dwarf shrubs.

Patches of both tunclra and this transition replace the Boreal forest

at the higher elevations in the interior.

Climate

The climate varies widely within the Territory (tables 1 and 2).

That of the Pacific coast is mild, humid, and relatively uniform.

Farther inland, both temperature and precipitation are lower and the

extremes of temperature are wider. In the far southeast, for example,

the temperatures vary from an average of about 32° F. in January to

about 54° in July. Corresponding figures for the Yukon and Tanana
Valleys are about —20° for January in the coldest parts and 60° for

July. At Nome, in the west, the figures for the same months are 3°

and 50°, respectively. For Barrow on the north coast, they are —17°

for January and 40° for July (18).

Figures for precipitation and for frost-free days vary as much. At
Ketchikan, in the southeast, annual precipitation is 150 inches, and
the "growing season" is 165 days. At Fairbanks, the figures are 12

inches and 89 days ; at Nome, IT inches and 52 days ; and at Barrow,
4.3 inches and 17 days. The highest temperature recorded (100°) and
the lowest (

— 78°) are both reported at Fort Yukon in the northern
interior. The lowest for Barrow is —56°, and the highest 78°.

^ The word tundra is used as a general term for the association of plants in
the cold treeless regions. Tundra (capitalized) is also used in soil science for
the great group of soils in such regions.

^ Oral communication.
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The prevailing winds from the relatively warm Pacific Ocean mod-
erate the temperature and bring rain to southeastern Alaska. In
contrast, the Bering Sea is cold. In winter there are heavy ice floes.

The Bering Sea and the Arctic Ocean chill the parts of Alaska that

adjoin them and send out low-flying fogs and gales. Precipitation is

low along the Arctic coast. The Aleutian Islands have low summer
temperatures and moderately cold winters. The soil freezes deeply
at the end of the Alaska Peninsula, but little or none out near the end of

the island chain. Sunshine is scanty. Low clouds, fog, or light rains

or snows are the rule. Very strong winds—gales and stronger—are

common.
Although the weather at Fairbanks is pleasant in summer, many

prefer the winter. Everything is frozen so it is easy to get about with
sleds and snowshoes and there are no mosquitoes, no dust, and no
glaring sun. The long nights are feebly lighted from the light of the

moon and stars reflected on the snow. In summer plants grow very
rapidly—at least those kinds that respond to the nearly continuous

daylight of the long arctic days.

In the Matanuska Valley winters are not so cold nor summers so

warm and sunny as at Fairbanks. The precipitation is slightly

higher—11.7 inches at Fairbanks and 15.5 inches at Matanuska—and
the growing season is a few days longer. Heavy winds are not un-

common in the Matanuska Valley. The average July temperature in

the valley is about 58° F., slightly below that at Duluth, Minn. The
average winter temperature of 13° is about like that of St. Paul, Minn.

The average date for the last killing frost is about May 24, and for the

first one in autumn, September 10.

SOIL FORMATION

Before proceeding directly to an examination of the soils of Alaska,
a brief restatement of the major principles of soil formation may be
helpful. First of all, perhaps, we need to define the soil.

Soil Defined

As the natural medium for the growth of land plants, soil covers

the earth as a nearly continuous sheet from pole to pole. It has many
forms. Its characteristics in any particular spot result from the com-
bined influence of the five genetic factors of the natural environment

—

climate, living matter, parent rock, relief, and time—plus the eifects

of the cultural environment and man's use of the soil {16^ 25) .

In working with soil, studying its characteristics and predicting its

use capabilities, we cannot work with the whole continuum at once.

Individual kinds of soil must be recognized and classified. Many
thousands of these exist in the world—as many as there are significant

combinations of the five genetic factors. It is through soil classifica-

tion, as a tool, that we can organize our knowledge and remember it, see

relationships among soils and between them and their environment,

and formulate principles of prediction value.
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Eacli soil is an indiviclual in the continuum. Each one consists of
several distinct sheets, one on top of the other. In a pit or in a road
cut these sheets appear as layers, or soil horizons. Some layers are
inherited from layers in the original rocks, especially in regions where
mechanical weathering is active and the soils are young, as in large
parts of Alaska. Yet regardless of the original rocks, we shall find

a few soil horizons resulting from the eHects of the vegetation and
climate. The collection of horizons in any soil is called its profile. In
this profile are reflected the combined influences that have made the
soil of a certain kind. The fact that each soil has a unique profile

makes possible its classification. It gives a basis on which to classify

the results of observations, of experiments, and of practical experience.

Each kind of soil has a modal set of characteristics within limits

set by our logic, not nature's. At the limits of these sets one individual
changes to another. A soil, then, is a dynamic, three-dimensional piece

of landscape that supports plants. It has a unique dynamic and a

unique combination of internal and external characteristics with de-

finable ranges in their degree of expression. Its upper surface is the

surface of the land : its lower surface is defined by the lower limits of
biological forces; and its sides are boundaries with other kinds of

soil, where changes occur in one or more difl'erentiating characteristics.

In turn, these characteristics are related to one or more of the five

genetic factors. Through research, the behavior of a soil under defined

conditions can be determined.
Any soil can be defined only as a combination of characteristics.

It results from a combination of genetic factors. The importance of

any one characteristic, like structure, chemical composition, or tex-

ture, or of any one genetic factor, like slope or climate, depends upon
the others in the combination. Probably more predictions about soils

go wrong from a failure to recognize this principle than from any
other error. That is, a certain practice is found good on a sandy soil

having one combination of characteristics and. ignoring the fact that

combinations of characteristics vary among soils, it is often assunied

that the practice found good on one sandy soil applies to all sandy
soils. The same faulty reasoning has followed similarities in slope,

structure, and all the other characteristics when considered singly.

To understand soils, the individual sets of characteristics must be

compared. Xarrowly defined sets of characteristics are called soil

types or local soil types. These may be gi'ouped into broadly defined

great soil groups or continental soil types {3).

Predictions are needed at both levels of generalization. The re-

search reported in this paper deals mainly with examples of local

soil types, most of which are jQi unnamed ; but the principal aim is

to present a view of the great soil groups by projection of these

observations.

Factors of Soil Formation

Even while considering them separately, it must be recalled that

all factors work together in producing the soil. Climate and vege-

tation are the active factors and, as conditioned by relief, are re-

sponsible for the forces that act upon the parent materials over
periods of time.
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Parent Material and Rock Weathering.—The first step in soil

formation is weathering—the physical and chemical breakdown of
rocks. Although weathering and soil formation go on together and
many chemical reactions are common to both, it is necessary to dis-

tinguish clearly between them. Weathering is primarily a destruc-

tional process—"making little ones out of big ones"—as far as the rocks
are concerned. Its agents include changes in temperature, especially

across the freezing point, water as a solvent, wind, running water,
waves of lakes and oceans, glaciers, and the like. After weathering,
or during the process, wind, water, and glaciers transport the fine

material. In this way alluvial terraces, beach lines, glacial moraines,
lake plains, deltas, sand dunes, and loessal blankets are produced.
Thus, in the sense of landscape formation, weathering has its con-
structional aspects. On gentle slopes, the weathering products re-

main unmoved and accumulate in place as a source of soil material.

But even here there is sorting through differential solution and
deposition.

In regions of high temperatures and plenty of rainfall, rocks de-

compose rapidly, chemically. That is, the primary minerals are

changed to secondary ones. The feldspars, for example, go to kaolin
and then to gibbsite readily. The final products are rich in clay,

not from grinding or abrasion, but from chemical changes.
In the Arctic, however, rock decomposition is slow. Here the me-

chanical processes predominate. Freezing-and-thawing is a major
agent of rock splitting. Fragments are carried by running water.

The clay content of the deposits in Alaska, especially of fine clay, is

usually low. The fine alluvials are very rich in silt and very fine

sand. In the Tropics, particles coarser than clay are almost exclusively

quartz, but in the Arctic such particles consist also of other primary
minerals. Silt contents are very low in the materials of the Tropics
and very high in those of the Arctic.

In Alaska, great areas have yet little or no loose rock material on
the surface from which soils may form. As weathering proceeds in

the mountains, the loose stones and other fragments slide and roll

down the slopes, or, more commonly, are swept down by running
water, sorted, and left in secondary deposits. Thus, many of the

lower mountain slopes and many of the terraces along these swiftly

flowing streams are composed of rounded boulders, cobbles, and
coarse gravels, with very little fine material. The bulk of the finer

materials are laid down in wet swampy alluvial plains, only parts of

which have become well drained. In other places some of the fine

materials have been swept up out of the alluvial plains by wind and
laid down in blankets on the uplands.

Arable soils suitable for crops are made up of mixtures of sand,

silt, and clay, without boulders. Such soils are well drained, but not

steep. These characteristics have a determining influence on the suit-

ability of local soil types for use. Generally, most soils in Alaska are

too steep, too shallow over rock, too stony, too wet, too frequently

flooded, or too sandy for cultivation under the present state of the

agricultural arts.
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But vegetation and climate are more responsible than is parent
material for those characteristics that distinguish the arable soils of
Alaska from those of the mainland of the United States.

Vegetation.—Soil formation begins with the coming of vegetation.

Plants send their roots into the loose rock material, taking out water
and nutrients. These, along with carbon and oxygen from the air, are

elaborated into plant foods. Such foods nourish the plants. They
are built into leaves, stems, fruits, and other bodies. Finally plants

die. In turn, they furnish foods for other organisms. From green
plants, all other plants and animals, including man himself, get their

food supply, either directly or from other plants and animals that
live on green plants. As the organic matter decomposes, the minerals
in it are released for the plants that follow.

The plants select their nutrient elements from the whole mass of
rock material. With their growth and decomposition, these selected

elements are concentrated in the rooting zone, especially in the upper
part of it.

Vegetation not only changes the rock material and sorts it over, but
also holds it in place. Landscapes become more stable

;
jagged peaks

are softened into rounded hills with gentle slopes.

It is vegetation that captures the solar energy and makes it avail-

able to other living forms ; it is the primary source of organic matter
in soil ; and it holds the soil in place.

Throughout most of Alaska, one kind or another of tough fibrous

peaty turf forms an insulating layer in the surface, thereby greatly

diminishing the ranges of temperature within the soil. In summer
this means a great contrast between the air temperature and the much
colder soil temperature.
Under these conditions, the activity of the micro-organisms that

decompose the plant remains is very low. This is in direct contrast to

the Tropics, where the organic matter decomposes almost immediately
after the live processes cease. Not much is known about these micro-
organisms and the role of the smaller animals in arctic soils. But
obviously, decomposition is very slow, since soils high in organic
matter are found in the far north under plants that grow very slowly
indeed.

Obviously, the contrast between the growth and effects of vegetation
in the natural landscape and the growth and effects of intertilled crops
is very great. Once the organic matter has been depleted through
excessive burning, removal during clearing, erosion, or in other ways,
its replacement through the use of green-manure crops is exceedingly
cliiRcult. In the Tropics organic matter forms very rapidly and is

decomposed very rapidly; in the Arctic it forms very slowly and
decomposes very slowly. But once gone, it is far easier to restore

organic matter in the Tropics than in the Arctic.

Climate.—Many years ago, a close relationship between soil and cli-

mate was discovered by Eussian investigators, especially Dokuchaiev
{11, 15). He noted that subhumid grasslands and black soils go
together; semiarid grasslands and brown soils go together; cold moist
climates and evergreen forests with light-colored acid soils ; and so on.
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Yet the relation between climate and soil is not precise, not exactly

1 to 1. Local factors of relief and parent material sometimes even
submerge its efl'ects and they also modify the soil climate (7^).

Another difficulty in studying the relationship between soil and
climate lies in the very complexity of climate. Unlike soils, it has
no definite morphology. Climatic types are defiiied in terms of more
or less arbitrary combinations of temperature, rainfall, and humidity,
with or without consideration of seasonal distribution. Even with
these major factors, an enormous number of significant types can be
defined. When other characteristics of place, like sunshine, frost, and
wind, are added, the complexity gets nearly out of hand, even with-

out taking into account local modifications of the soil climate by relief,

parent material, and vegetation. Further, too few records are avail-

able on all the relevant aspects of climate to show the types in detail

on maps, especially in a large sprawling area like Alaska.
The different combinations of conditions included under climate

influence soil formation in at least four important ways

:

First, the character and rate of weathering depend upon climate.

In cold or dry regions, as contrasted to warm or wet regions, mechan-
ical or physical weathering predominates over chemical weathering.
Cold and wet together favor the formation of glaciers, with a whole
train of consequences. Both heat and dryness favor deserts. Under
the scanty vegetation of the desert, erosion is extreme during the rare

rains ; at other times, wind plays an important role.

Secondly, the amount of water percolating through the soil has a
great effect upon it, because of the differential solubility of the various
materials in water. Under strong leaching, soils soon lose any soluble

salts, even calcium carbonate ; whereas these salts accumulate in soils

of dry regions. Leaching depends on rainfall and evaporation and
on how these are paired seasonally. Much of northern and central

Alaska has low rainfall, but evaporation is also low because of low
temperature and high relative humidity. So leaching, especially of
the surface horizons, is as great in these soils as in those under much
higher rainfall farther south. Some have even called parts of Alaska
semiarid, because rainfall is similar to that in semiarid parts of the
mainland of the United States. The error is seen immediately by ex-

amination of the other characteristics of the climate and the soil and
vegetation. Also, we must again recall that under identical climates,

the effective soil climate is greatly modified by the other factors of
soil formation.

Thirdly, the climate has an important effect upon the total amount
of water and consequently on soil drainage. Given the same kinds of

rocks, swamps will develop in a moist region and not in a dry one.

Fourthly, and by far most important, is the effect of climate on
vegetation, which has, in turn, such a dominating direct effect on soil

formation {16). Generally, vegetation is a good index of climate,

provided both natural and cultural interferences are taken into ac-

count. But vegetation is itself influenced by soil and all the factors

that determine soil. So we must not expect 1 to 1 relationships be-

tween any pair: climate and vegetation, soil and vegetation, or soil
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and climate. If we compare the normal soils ^ in the modal positions,

near the center of great soil regions, the relationships are clear. But
at the margins, even obscure differences in local factors often throw the

soil or plant association from one major type to another.

Eelief.—The active forces of soil formation are gi^eatly modified by
relief. Here again, however, other factors in the combination in turn
modif}' the effects of relief classes defined in terms of slope gradient,

or even classes defined in terms of shape of slope, length of slope, and
pattern of slope, as well as gradient.

Of first importance is the modification of the effective rainfall en-

tering the soil. On steep slopes, more of the water runs off\ leaving less

to percolate into the soil for use by plants and to cause leaching. If

the soil material is very porous, the slope has little influence; but if

the soil is only slightly permeable, it has a great influence. Then too.

slope, runoff, and cover have a gi^eat deal to do with the natural erosion.

On flat landscapes in humid regions, natural erosion is often too little

to keep the soil productive through gradual removal of the surface
leached layers and the incorporation of new fresh minerals from
beneath {16). But the amount of erosion, either normal erosion in

the natural landscape or accelerated erosion in fields, is only very
roughly related to soil slope. Some soils with as little as 1 or 2 percent

of slope erode badly under clean tillage ; whereas others do not, even
with slopes of 50 percent or more.
Drainage, like erosion, is only generally related to relief. It has

two aspects: (1) External drainage, or the movement of water over
the surface, which is primarily a matter of relief, and (2) internal

drainage, or the loss of water through the soil to the underground
water table. If soils are exceedingly permeable to water, they are well

drained, even on nearly flat relief. In Alaska frost has a lot to do
with drainage. Some soils are poorly drained much of the time be-

cause of permafrost : others are poorly drained part of the time, or

while the lower soil is frozen, especially in early spring.

Taking a broad, somewhat oversimplified, view of soil formation,
one may define four general classes of drainage according to relief as

it relates to runoff and erosion

:

1. Strongly sloping or steep excessively drained soil on which
plants have less water than on associated normal soils. Since plants
grow less vigorously, the soil profiles are thinner than for normal soils.

As water percolates through the soil only slowly, erosion hazard is

great without a close-growing plant cover. Many of the landscapes
of Alaska fall in this class.

2. Undulating to gently rolling well-drained soil, where water
enters the soil freely : but when the soil is saturated, any excess flows

away freely. Under the native vegetation, there is very gradual ero-

sion. There may or may not be a hazard of accelerated erosion with
cultivation, depending uxDon the soil and the soil management prac-
tices.

° As used here, a normal soil is any soil from a relatively deep mass of finely
weathered rock material of mixed chemical and mechanical composition, on
sloping relief with good but not excessive drainage, upon which the soil-building
forces of climate and living matter have made their full impress.
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3. Generally nearly flat to undulating (but may be strongly sloping
below seeps) imperfectly drained soil. Part of the time the surface

soil is very wet, and part of the time only moist or even dry. Under
native vegetation, the soil has essentially no natural erosion. Wliere
a good deal of water percolates through the soil for at least a part of

the time, soils in this position become very leached and low in plant
nutrients. Usually, with long periods of time, a claypan or hardpan
may develop at 12 to 30 inches below the surface.

4. Nearly flat or even depressed relief and poor drainage. In this

position the water table is at or very near the surface all or a large

part of the time. In humid regions like Alaska, organic matter forms
more rapidly than it decomposes. Decomposition is slower than in

normal soil, and the organic matter may accumulate in thick peaty
deposits. There is no erosion, and little or no leaching.

In Alaska a large part of the soils fall in the first and fourth groups.
Many soils are in the third position ; but the claypans and hardpans
have scarcely developed at all, partly because of youth.

Since temperature is a factor limiting plant grow^th in much of

Alaska, the aspect of the relief is especially important to the genesis

and functioning of soils. Soils on north-facing slopes contrast

sharply with those of south-facing slopes in the depth of thawed soil

over the permafrost and in the wetness and temperature of the sur-

face soil. Near the margins between soil types, north-facing slopes

are so cold and wet that soils are peaty and covered chiefly by mosses,

low shrubs, and scrubby trees, while south-facing slopes have well-

drained mineral soils under moderately thick stands of forest. Sharp
contrasts related to microrelief may be seen locally, as in pitted out-

wash plains.

Time.—Soil-forming processes take considerable time—although not
so much as commonly supposed. Few accurate figures are available

(i^, 2S). Statements that "it takes a million years to form an inch

of soil" are exceedingly misleading. Possibly such statements compre-
hend both weathering and soil formation ; but in this sense, one can

give any figure that suits his fancy, from 24 hours to 100 million years.

New deposits of volcanic ash or of alluvium, on which plants take root

almost at once, may be laid down in a single evening. On the sheer

cliffs of rocky mountains, many millions of years go by before enough
fine material accumulates at a stable angle of repose for soil forma-
tion to begin.

But even beyond weathering and the accumulation of parent mate-

rial for soil, soil age, or maturity, is not a simple function of time in

years. Other things being equal, soil generally forms fastest from
materials of mixed origin, both physically and chemically mixed ; al-

though soils form rapidly on some kinds of volcanic ash. The process

is exceedingly slow on very coarse materials, especially those rich in

quartz and other resistant minerals low in nutrients. Soil formation

is slow, or scarcely proceeds at all, in extreme cold, because plants and
micro-organisms do not grow and because chemical reactions are very

slow. When frozen, little or no air or water moves through the soil.

In large parts of Alaska, little if any fine material yet covers the
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hard rocks, and soil formation has hardly begun. Elsewhere too, the

deposits are sandy, gravelly, or cobbly. In these coarse materials, too

little surface is exposed for normally active soil-forming processes.

Besides the relative geological youth of many landscapes in Alaska,

the long cold seasons hold down the rate of all chemical and biological

processes involved in soil formation.

Permafrost

Arctic soils have a special feature not found in other soils that

influences their characteristics and genesis. Where annual average
temperatures are below freezing, say colder than 25° to 29° h., the

lower soil material is likely to be permanently frozen into permafrost,
often to great depths. If the ground layer is below freezing but
lacking in ice to cement the mass, it is called dry permafrosts^

Permafrost is neither exclusively a soil feature nor a geological
phenomenon. It occui^ in the lower sola of many soils and has a

strong influence on the drainage, aeration, and movement of the soil

above it. It also occurs far beneath the soil in deep geological deposits.

Like temperature, it is an important characteristic of soils that can
be studied only in the field, since it cannot be preserved in samples.
In the northern parts of Alaska and at high elevations, permafrost

is general, except for gravelly well-drained areas, many of which have
dry permafrost (see map. cover page 3). In places the layer of per-

mafrost is very deep. Probably much of the deep freezing took place

long ago. during glacial times. The soil of unprotected areas, not
covered with ice and snow, became very cold indeed. Besides that,

freezing probably continues now in the far north. Permafrost was
reported in gravel tailings near Xome between 1942 and 1949.

Xear the southern margin of the permafrost areas, important local

variations are related to cover and aspect. South-facing slopes, for

example, may not have permafrost, or under them it may lie at far

greater depths than on nearby north-facing slopes. A cover of thin

forest, shrubs, or mosses protects the land, insulates it. and as a result

the upper part of the soil that thaws in summer is shallower than on
similar places barren of vegetation. Even packing of the moss in

animal trails or roadways reduces the insulation of the organic cover-

ing and causes deeper thawing. Commonly, in the forests, trees lean

toward roadways, trails, and the water of thaw lakes because of the
gi'eater melting and settling under the less protected surfaces (fig.

13, A). Unless precautions are taken to insulate very well beneath
the foundations of buildings and concrete roadways, these may settle

dangerously with the increased melting of the permafrost (fig. 1^. B),
Some smooth slopes with permafrost beneath have become choppy

and hilly—too rough for cultivation—a decade or so after clearing ( fig.

14). AVithout the protective cover of the shrubs and mosses, the

^° For more detail on permafrost, the reader is referred to the useful compila-
tion by Muller (19), to an earlier paper by Nikiforoff (20), and to Black's recent
discussion (6). Active research is going forward on permafrost in the U. S.

Geological Survey.
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uneven permafrost gradually melted, along with huge lenses or bodies

of ice that developed during the freezing process (fig. 15, A). On
some slopes, breaks or sinkholes have developed that have grown into

gullies. Superficially, these look like ordinary erosion-produced
gullies, except that little or no sediment flows from them (fig. 15, B).
Yet, once started in this way on strong slopes, these may grow into

ordinary gullies if runoff water is allowed to concentrate and to

flow in them.
On strongly sloping soils—too steep to cultivate without terraces for

runoff and erosion control—permafrost partly increases the problem
of runoff control by reducing the permeability of the substratum. Of
course, this may happen anywhere in early spring with rapid thawing
after deep freezing of the ground. In Alaska it is important that the

surface soil warm up as rapidly in spring as possible. A delay of only

a few days in planting may spoil the chances of a good crop. Thus,
mulches and cover crops should be avoided, despite the advantages
they might have in building up organic matter, controlling erosion,

and reducing blowing of soil exposed to dry winter winds. If terraces

are built, not only is the subsoil under them impermeable during spring
thaws, but also ice blocks the channels and may have the effect of con-

centrating the water to initiate more serious gullying than would oc-

cur without terraces.

The depth to which a soil over permafrost thaws in summer depends
upon the cover and the physical characteristics of the material, as well

as upon the climate. Trees, shrubs, and especially mosses protect the

soil against thawing. Other things being equal, soils rich in clay are

thawed less deeply than sandy soils. Thus, any inequalities in the

cover or other conditions produce inequalities in the depth of alternate

thawing and freezing. Generally, this layer of freezing-and-thawing
is quite uneven. The permafrost itself is impermeable to water. Any
cracks that might develop are sealed by the freezing of percolating

water. In summer the very surface of the thawxd layer may become
relatively dry; but the soil directly over the permafrost is always
moist. With additional water from rain or melting snow and from
seepage from slightly higher land, the soil becomes very wet. Partly
because of the restriction in drainage caused by permal^rost, there are

many poorly drained places in the Arctic, ranging from small wet
spots to great swamps. Commonly, wet peaty surface soils with under-
lying impenetrable layers of either rock or permafrost are found on
even steep slopes.

When floods rise during the melting period, the pressure of water
in streams forces water into the adjoining alluvial soils above the

permafrost. Many of the great rivers in the far north are torturously

winding. The flood plains have many ox bow lakes, ponds, swamps,
and great stretches of wet alluvial soil. These are practically uncross-

able in summer.
On slopes, the lower soil may become wet, partly from seepage, and

lose its stability. In such places slips develop, and even mud springs

in which the w^et viscous soil oozes out to the surface. In winter, with

the freezing of the surface, pressures on the viscous soil above the
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permafrost may be so great as to thrust up the surface m weak places
as mounds or great blisters. In this and other ways frost heaving
produces mounds. The mounds vary in size and shape. Some are like

low, nearly flat, raised platforms (fig. 2, B)
; other landscapes have

FiGUKE 13.—A cover of thin forest, shrubs, and mosses protects the soil and
insulates it. The upper part of the soil that thaws in the summer is shal-

lower than on similar places barren of vegetation. A, A thaw lake near
Northway Airfield. Commonly, trees lean toward the water of thaw lakes
because of the greater melting and settling along the shores. B. A series of
poles driven into permafrost with steam at the Army base at Northway. Note
pits around the poles, particularly the one in the foreground, and the buckling
of the tarpaper collars.
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many small mounds nearly uniform in size and shape (fig. 38) ;
while

other soils have a few large unevenly distributed mounds (fig. 16).

Subarctic soils with underlying strata of impermeable rock, or those

that freeze deeply and thaw out entirely for only very short periods,

also have such mounds (fig. 19). Thus, mound formation in Arctic
regions is by no means limited to permafrost.
Although this early spring freezing-and-thawing above the perma-

frost, or above the nonpermanent frozen layer, initiates the formation
of mounds, they are often added to later by the vegetation (fig. 16, ^ )

.

That is, in poorly drained places, even on slopes, plants grow more
luxuriantly on the mounds than elsewhere, because of better aeration

and higher temperatures. Over a long period, remains of these plants

give rise to a deep surface soil rich in humus and a thick organic
capping.
Such movements of soil cause a great deal of mixing and some sort-

ing of the material according to particle size. No doubt it contributes

to the mechanical weathering, or breakdown, of soil particles.

Further research into the relation of permafrost to soil formation
and to soil behavior under use is needed, especially along the southern
boundary of its occurrence. Near this general boundary, several local

factors operate to determine the actual boundaries—factors that are

largely overwhelmed by the wide margin of excessive cold farther
north. But it is just here, near the boundary, where the relationships

are the most complicated, that permafrost is of the greatest practical

importance, since agriculture can and does push north for a ways be-

yond the boundary. In Siberia, agriculture pushes even farther north
of this boundary than in Alaska, because the winters are even colder

there and the annual deficiency of temperature greater, given roughly
comparable summer growing conditions.

Zonality

Soils having dominant characteristics produced by the full effect

of forces directly related to climate and living matter—normal soils

—

are arranged in great belts or zones that roughly correspond to cli-

matic and biotic zones. Such soils are called zonal. The distribution

of regions dominated by them can be shown on maps of small scale.

The zonal soil regions of the northern part of the Northern Hemi-
sphere are shown in figure 17, along with the permafrost boundaries.

But associated with such zonal soils are many others. Some have
developed characteristics related directly to the local factors of the

environment, parent material and relief. Others have no developed
soil characteristics, or only feebly expressed ones, beyond those of the

parent material itself, because of youth. With these, time has been
too short for the soil-forming processes to have expressed themselves
in a clearly developed soil profile.

A difference in concept between a zonal soil and a zonal soil region
needs emphasis. A zonal soil, like a Podzol for example, is a taxo-

nomic unit; while the Podzol region, shown on maps of small scale,

is a region within which the normal soils are Podzols, but within

892183°—51 3
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J-igui;k 14.—Atrial photograph looking dirt'ctly nonh over a part of the Fair-
banks Agricultural Experiment Station. The field on the south-facing slope

east of the buildings shows no uneveness, although it was the first field cleared
and cultivated. The lower, northeast-facing slope of the north field, east of
the lake, was a smooth valley slope of about 4 percent. After 12 years of
cultivation with uneven melting of the permafrost, this field became too choppy
and hilly for cultivation. ( See fig. 48 for close view.)
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which there are also many other soils besides Podzols that are asso-

ciated with them. In such a region, the Podzols themselves may
occupy far less than half the actual area. They can be shown sepa-

rately only on maps of very large scale.

Zonal, Intrazonal, and Azonal Soils.—In its present state, soil

classification has a strong geographic bias. The local units, or soil

types, are first defined in terms of their characteristics. According to

their characteristics, these units are then grouped into progressively

higher categories—great soil groups, like Podzol, Chernozem, Tundra,
and so on. The great soil groups are assembled into suborders, partly

on a basis of genetics as well as characteristics. The grouping into the

units of the highest category is based upon the relationship of the

characteristics of the soils to those of the normal soil.

To the logical purist, this may appear to be a serious fault—this

genetic and geographic bias. Actually, however, in the present state

of our knowledge about soils, no substitute offers so good a basis for

remembering soil characteristics, seeing relationships, and developing
principles of prediction value—the purpose of classification. As
research in this difficult field goes forward, modifications will be made,
perhaps drastic ones, to improve both the logical basis and the predic-

tion value of the classification.

In the present system, all soils are grouped into one of three orders

:

(1) zonal, (2) intrazonal, and (3) azonal.

The zonal and intrazonal soils have developed characteristics that

set them off distinctly from the parent-rock material. As explained,

the zonal soils have characteristics that reflect the full force of the
active factors of soil formation—climate and living matter.

The intrazonal soils, which have well-developed characteristics,

may occur in two or more soil zones. Their characteristics reflect

the dominant influence of some local factor of relief or parent material
as well as the influences of climate and vegetation. The Bog soils of
wet swampy places are intrazonal ; so are the Subarctic Brown Forest
soils described later.

Azonal soils may occur in any soil zone. With them, the geological
material has been altered so little that their characteristics are essen-

tially those of the geological deposit itself. Alluvial soils cannot be
distinguished from the alluvium laid down through geological proc-
esses. This term "Alluvial soils" is by no means synonymous with
soils from alluvium. Once the soil -forming processes have produced
new characteristics significantly different from those of the alluvium
itself, the soils are grouped with the appropriate units in the zonal or
intrazonal orders. Many thin soils that amount to little more than
rock itself—Lithosols—are in the azonal order. Usually they are
steep and stony.

A large part of the soils of Alaska, as we shall see, fall into the
azonal order and especially in the Lithosol group. South of the
Tundra, in the region of Podzols, most of the soils are either intrazonal
or azonal rather than Podzols.

Vertical Zonality.—Boundaries between regions of zonal soils are
interrupted, often considerably, by mountains. Theoretically, by
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FiGUKE 15.—After removal of the protective natural cover, the uneven perma-
frost, along with bodies of clear ice, gradually melts, giving rise to distinctive
gullies. A, The head of such a gully northeast of Fairbanks. B, The lower
part of the same gully. Unlike ordinary gullies, no sediment appears in the
lowland.
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ascending from a desert floor into everlasting snow and ice on a high
mountain, one may pass over groups of soils analogous to those zonal

soils one would pass over in going, say, from the southwestern part

of the United States north to the Arctic Ocean. Such a zoning of

soils on the slope of a mountain is called vertical zonality. Actually,

of course, mountain slopes have a large percentage of azonal soils;

still the zonal ones can usually be seen clearly. Generally, however,
they fail to correspond exactly with their continental analogs, because

the vegetation is not exposed to the same differences in length of day
nor are the plants and soils subject to the same seasonal fluctuations in

temperature.
On high mountains in temperate regions, above the timber line, the

position occupied by the Tundra of the far north is taken by Alpine
Meadow soils. These are commonly, but not always, free of perma-
frost; they are deeper and brighter brown than Tundra. Since the

zone of Tundra soils lies just north of the Podzol zone, near the gen-

eral boundary, soils on the higher land are Tundra and those at the

lower elevations are Podzol. Near the boundary, strong winds give

shrubs an advantage over trees and throw the soils toward Tundra
I'ather than Podzol. On high mountains in the northern part of the

Podzol region, the soils are usually indistinguishable from Tundra.
Thus, in Alaska, most of the soils of the mountains were thrown with
the Tundra, although a few can be separated, more or less arbitrarily,

as Mountain Tundra. On a map, these would, of course, appear as

islands in the Podzol region.

In moist places in the mountains, near or below the timber line and
within the zone analogous to Podzol, are moist grayish-black or nearly
black intrazonal soils called Mountain Meadow, in contrast to the
higher, brown Alpine Meadow ones. Although the Appalachian
Mountains are too low for true Alpine Meadow, Mountain Meadow
soils are not uncommon {13). Both Alpine Meadow and Mountain
Meadow soils are important in the Rocky Mountains. Most of the
soils seen in the high mountains of Alaska belong with Tundra or
Mountain Tundra rather than with Alpine Meadow or Mountain
Meadow, although some Alpine Meadow soils are described.

Outline of Great Soil Groups

Since a primary purpose of this bulletin is to describe examples of
the great soil groups of Alaska, it will be unnecessary to do more than
list them at this point.

A. Zonal C. Azonal
1. Tundra 1. Alluvial

a. With permafrost a. From general alluvium
b. Without permafrost b. From local alluvium

2. Podzol 2, Lithosol
B. Intrazonal 3. Regosol

1. Subarctic Brown Forest
2. Bog
3. Half Bog
4. Ground-Water Podzol
5. Mountain Tundra
6. Alpine Meadow
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TUNDRA

Tundra soils have a tough fibrous brown mat on the surface, under-
lain by a few inches of dark-colored humus-rich soil. This fades to
lighter colored gray or mottled soil beneath, down to permafrost or
to the unaltered parent rock material. The characteristics may change
abruptly at the permafrost contact, but usually they change gradually,
especially in the absence of permafrost. In summer the soils are

nearly always wet, or at least moist, beneath the surface, and are

often wet at the surface. Because of the low temperatures, physical
processes of weathering and soil formation predominate. Chemical
reactions and biological processes are slow.

Even though the growth of low shrubs, mosses, and other arctic

plants is slow, decomposition of their remains by micro-organisms is

still slower, so considerable amounts of organic matter accumulate
at the surface and in the upper horizons. Some of this often gets

mixed into the lower soil too, during freezing and thawing and the
movements involved in mound formation.

Relative to the other separates, the clay content is low. Partly
because of the long periods of freezing and waterlogging, little leach-

ing or eluviation takes place, although materials become mixed be-

cause of the pressures on the viscous soil during freezing. Although
A 00. A 0, and A i horizons may be quite distinct, the B is often merged
with the G (gley) without having a distinct boundary from the C.

The following may be taken as a generalized profile of Tundra soil

:

A 0. Tough fibrous turf matted with both fibrous and woody roots and
rhizomes, varying in color from very dark brown or dark reddisli

brown to yellowish brown, and in thickness from a scant 2 inches
on the drier sites to 12 inches of peaty organic mat on the wetter
sites.

Ao and A i. A (usually) viscous mixture of humus, undecomposed plant
remains, silt, fine sand, and a little clay. In place, the soil has a
weakly developed platy structure that breaks readily into soft

granules, which are light and fluffy when dry. Color varies from
dark grayish brown, very dark brown, dark reddish brown, to

reddish brown, and thickness varies from 2 to 10 inches. In mounds
this layer may be much thicker.

BG. Grayish-brown to olive coarse silt loam, streaked with reddish-brown
or yellowish-brown iron stains and nearly black organic matter.
The gleylike soil is friable when removed, although slightly com-
pact in place. The thickness varies from less than 4 inches on
drier sites up to 12 inches on wetter sites.

Cai. Yellowish-brown and grayish-brown silt loam or loam, slightly stained
with brown and reddish brown ; often compact in place but friable
when removed. This layer is generally less than 4 inches thick
and grades into the C 1 2.

C12. Light yellowish-brown coarse silt loam or loam with streaks of dark
organic matter. White ice may be present or at lower depths.

Climate.—Tundra soils occur in both arctic and subarctic climatic ^^

regions, with or without permafrost. Summaries of climatic condi-

" In the arctic climatic region the mean annual temeprature is less than 32° F.

and the mean for the warmest month, usually July, is less than 50°
; whereas

in the subarctic, the mean for the warmest month exceeds 50°. By this defini-

tion, much of Alaska has a subarctic climate.
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tions at a few stations are given in tables 1 and 2. Barrow may be said

to represent the cold extreme for Tmidra soils in Alaska, and Dutch
Harbor the warm. Barrow represents the climate of the Arctic
Ocean, the northern Bering Sea, and the coastal region of northern
Canada; Dutch Harbor may be taken as representative of the Aleu-
tions and, perhaps, the lower parts of Iceland. Barrow has freezing

temperatures for 321 days of the year; Dutch Harbor for only 137.

Rainfall is higher and more evenly distributed at Dutch Harbor. The
Aleutians are not so cold in winter as Barrow, but the summers are

cool and cloudy. These conditions, along with high winds, have
favored shrubs and other low arctic plants over forest.

Vegetation.—From the air, the treeless tundra plains can easily be
mistaken for grassland. Generally, the cover is highly mixed ; dwarf
shrubs or sedgelike plants predominate, depending upon local soil

conditions.

On the wetter soils along the coast and in the low foothills, several

sedges, including cottongrass or "niggerhead" sedge {Eriophorum)
^

grow well in mixtures of grasses, other grasslike plants, mosses, lichens,

herbaceous plants, dwarf woody plants, and creeping woody plants.

Farther inland, on drier sites, mixtures of dwarf shrubs, lichens, and
mosses predominate over sedges and grasses.

One may find successions of plant associations from very wet to dry
sites that are analogous to those of the northern Lake States. In open
water, for example, are algae, other aquatic plants, and scattered

patches, floating or submerged, of pondweed (Potamogeton) , water
milfoil (Mi/riophyUmn) ^ burreed {Sparganium), a^ndhuttercii]} {Ra-
nunculus). At the margins of the ponds, water-tolerant sedges
{Carex) are common. In somewhat less moist places horsetail {Equi-
setiim) and bluetop {Calamagrostis) are growing with the sedges.

In relatively exposed dry places dwarf heath shrubs become estab-

lishedj and at the extreme dry end of the series, on very shallow soils,

are crusted lichens on the nearly bare rock, with Dryas, grasses (Poa
and Festuca)^ sedges {Carex) ^ and other herbaceous plants on the

patches of deeper soil.

Hundreds of herbaceous flowering plants grow on the Tundra soils.

These include many species of Compositae and such delicate flowering
plants as spring beauty {Claytonia) ^ twinflower {Linnaea horealis)^

several species of bell-flower {Campanula), and bluebell {Mertensia).
Few legumes were noted in the arctic tundra, but this family of plants

is well represented in the flora of the Aleutians, especially by the

gorgeous blue lupines.

Shrubs and prostrate woody plants are numerous. Willow {Salix)

and alder {AJnus) grow on moist soils. Three dwarf shrubs are

especially characteristic of the arctic tundra—a birch, Betula nana.,

and two dwarf heaths, Alaska-tea {Ledum decumhens) and blueberry

( Vaccinium uliginosuTn

)

. Besides these are two species of raspberry

—

tundraberry (or arctic raspberry) {Ruhus arcticus) and cloudberry

(
Ruhus cliamaemorus

)

.

On sandy coastal beaches and dunes, especially in the Aleutians,
wild rye or beachgrass {Elymus mollis) dominates. Fivefinger {Po-
tentilla) is also found growing with this grass along the beaches.
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Figure lb.—Mounds in Tnnclia without permafrost. A. Cut in a large mound on
the lower slopes of Mountain Moffet on Aclak Island in the Aleutians. The
upper 24 inches is entirely organic matter. The next 20 inches is nearly black
soil very rich in organic matter. These mounds are 3 to 6 feet high and 8 to 15
feet in diameter, widely spaced. B, Large mound on Amchitka Island in the
Aleutians.

Tundra With Permafrost

The Tundra soils with permafrost will be illustrated by profiles

from two sites.
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Point Barrow.—Where sampled, the soil slopes gently toward Elson

Lagoon. The surface has a characteristic microrelief (fig. 2, B) with

flattened puffed spots or raised polygons, some 20 feet or so across and

separated by more heavily vegetated shallow troughs about 2 feet

lower. The upper raised portion is partly a mixture of nearly bare

soil and lichens and partly covered with prostrate willow, some 3 or

4 inches high, sedges, and other arctic plants. The lower land between

has a dense sod of sedges with some mosses.^^

Following are two profile samples—sample 10 from higher ground

and sample 11 from lower ground.^^

[10] " Tundra with permafrost (high part) :

Ao 0. 1 to inches, intermittent mat of roots and stems.

Ai 1. to 3 inches, dark grayish-brown silt loam, rich in humus : many fine

roots. ( Dark reddish brown ; 5yR 3/3. )
'^

Ai2. 3 to 11 inches, dark grayish-brown silt loam, rich in humus. Cold and
viscous on July 12. Only a few living roots. (Dark reddish brown

:

5TR 3/3.)

BG. 11 to 12 inches, upper part of solidly frozen layer of very dark-brown to

black silt loam, rich in humus, and mottled and streaked with nearly

white ice.

[11] Tundra with permafrost (low part) :

Ao 0. 1 to inches, mat of roots and stems.

Ai (and Ao). to 3 inches, dark reddish-brown silt filled with roots to form
a tough turf. ( r)YR 3/2.

)

BG. 3 to 9 inches, mottled grayish-brown and very dark-brown silt loam,
rich in organic matter. ( lOYR 4/3.

)

9 inches -h, frozen on July 12.

The data in table 3 indicate a rather high content of clay for Tundra
soils. The variations in texture may be partly inherited, but are more
likely due to movements during freezing in autumn. Similarly, the

content of organic matter varies widely.

The exchange capacity is quite high, especially where the organic

matter is high. The base saturation is medium ; magnesium is rather

high in relation to calcium, and potassium is low. Available phos-

phorus is very low by standards in the mainland of the United States

and in relation to other soils in Alaska.

Bethel.—A short plane stop permitted the examination of the upper
part of the profile on a slightly raised polygon in the Yukon-Kuskok-
wim Delta (fig. 5). The cover consists of a dense sod of sedges and
bluetop, indicating some disturbance of the surface.

^^ Other plants growing in this area include Poa arctica, Poa alpina, Poa
pratensis (a common bluegrass in the mainland of the United States), Festuca
sp., Agrostis sp., and Calamagrostis. This last one, bluetop, grows well in
disturbed places and along old roadways. Such bluetop-bordered roadways are
called Zermilk in the Siberian tundra.
"Both profiles are incomplete because of the very short time available for

examination.
" Numbers in brackets are key numbers of samples given in the field.
^" Color designations in parentheses are those of air-dry samples according to

the latest Soil Survey color chart (1948). Names are given where the color
name is different than that given in the field.
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[71] Tundra, with permafrost:
Ao. 3 to inches, dark reddish-brown and dark-red, tough fibrous peaty or-

ganic mat containing many roots of sedges and grasses. (5YR 3/3.)
Ai. to 4 inches, reddish-brown to red mucky silt loam, rich in humus and

particles of peat ; soft granular to platy structure ; very easily fri-

able. Wet and cold on August 12. (Dark reddish brown : 5YR 3/3.)
BG. 4 to 15 inches, grayish-brown very fine sandy loam having pseudoplaty

structure; compact in place but very easily friable when removed.
Wet and cold on August 12. ( lOYR 5/2.

)

15 inches +, like above but frozen.

The data in table 3 indicate a somewhat lower base status than for

the soils at Point Barrow. Apparently the organic matter gives the

soil a high value for exchangeable hydrogen.

Tundra Without Permafrost

Several profiles of Tundra soils without permafrost were examined,
one near Cold Bay at the tip of the Alaska Peninsula, six in the Aleu-
tians, and two in the southwestern part of the Kenai Peninsula.

Adak.—Two profiles are presented from this island, one from the
uplands and one from the loAvlands. The first one, No. 52, is high on
a flat ridge top sloping down from Mount Moffet. The soil material

is derived from volcanic agglomerate and ash. Crowberry, mosses,

and sedges make a complete cover, even over boulders.

[52] Tundra, without permafrost

:

Aoo and Ao. 5 to inches, dark reddish-brown peaty mat. (2.5YR 2/4.)
Ai. to 5 inches, nearly black humus-rich silty very fine sandy loam

;

the slick moist soil is held together by many roots. (Dark reddish
brown : 5YR 2/2.

)

B2. 5 to 10 inches, nearly black granular silty very fine sandy loam. (Dark
reddish brown : SYR 3/2.

)

B3. 10 to 15 inches -f , dark grayish-brown silty very fine sandy loam. In
the lower part, horizontal streaks suggest ash layers. (Brown to

dark brown: 7.5YR 4/2.)
C. At 30 inches, yellowish-brown silty very fine sandy loam. (lOYR 5/4.)

On the lower slopes are huge mounds, 8 to 15 feet across and 3 to 6

feet high, widely spaced at, say, 6 to 10 to the acre (fig. 16). The
upper 2 feet of these consist of a loose mass of moss and roots (Aoo),
with about 4 inches of a reddish-brown peaty mat (Ao), and nearly 2
feet of very dark-brown humus-rich plastic silt loam (Ai). Beneath,
the soil grades gradually into yellow pumice ash.

Probably hydrostatic pressures forced some of the soil into mounds,
which were later added to by the more luxuriant moss and other vege-
tation growing on them.

To return to the soil profile : The data in table 4 indicate the char-

acteristic unusually low clay content of Tundra soils in relation to silt

and very fine sand. These data suggest that the soils belong with the

sandy loams despite their field appearance of silt loams. The me-
chanical analyses suggest stratification.

Although the exchange capacity is moderately high, mainly because

of organic matter, base saturation is very low. The parent material

is low in exchangeable metallic cations. These and phosphorus have
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been concentrated in the surface by plants. Even the organic matter
below the Ai seems to have lost its metallic cations and phosphorus to

the plants above. The carbon-nitrogen ratio of 15 to 1 in the Ai, as

compared to that of 26 to 1 in the B2, suggests peat formation in place,

with a loss of nitrogen by leaching.

Another profile, near the last, was taken by a rapidly flowing stream
in a wet alluvial bottom that merges with the coastal plain. The cover

is a thick stand of grasses and sedges.

[53] Alluvial-Tundra soil:

1. to 3 inches, grayish-brown highly organic slick silt loam ;- many roots.

( Pale brown : lOYR 5/3.

)

2. 3 to 6 inches, dark reddish-brown mucky silt ; many roots. (Dark reddish
gray : 5YR 4/2.

)

3. 6 to 10 inches, brown sandy loam, mottled with brownish gray and reddish
brown.

The data in table 5 indicate that the soil is acid and low in metallic

cations.

A31C111TKA.—Broadly, the land is undulating, with many short steep

slopes following the outline of the rock beneath. Much of the land
is low and wet and has many irregular lakes, ponds, flat areas, and
seepy spots. In the swamps are many little mounds, 1 to 3 feet across

and 6 to 12 inches high, made up of mosses. Here also are fairly large

mounds (fig. 16, B). Generally, the vegetation is less luxuriant than
at Adak or Cold Bay. Mosses and lichens make up a large part of it.

The soil was examined on a smooth, fairly well drained slope. The
surface has a slight microrelief , with the larger portion some 6 inches
higher than the rest. The vegetation includes several kinds of mosses
and lichens, sedges, bluegrass, dwarf (herbaceous) dogwood or Lap-
land cornel, and many flowering plants.

[54] Tundra without permafrost

:

Ao and Ao. % to inch, mosses and lichens.

Ai 0. to 2 inches, very dark reddish-brown, humus-rich silt loam ; softly
granular ; many roots. (SYR 2/1 to 3/2.

)

All. 2 to 5 inches, like above, but fewer roots. (Dark reddish brown:
5YR 8/2.

)

Bi. 5 to 12 inches, dark reddish-brown loam. (SYR 3/3.)
B2 0. 12 to 15 inches, very dark reddish-brown loam ; weaklv cemented.

(5YR3/2.)
B2 1. 15 to 18 inches, very dark reddish-brown, cemented into weak ortstein.

(SYR 2/2.)
C. 18 to 20 inches, reddish-brown gritty loam. (Dark brown : 10 YR 4/3.)
D. 20 inches -\-, loose volcanic rock fragments.

The data in table 5 show a high exchange capacity but a very low
base saturation. The magnesium is low, but very high in relation to

calcium. Available phosphorus is exceedingly low.

Shemya.—This is a low saucer-shaped island. Its margins are rocky
cliffs, and, except for one low hill, its central basin is filled with peat
some 6 to 12 feet deep. The clifi^s have a base of hard bedrock that is

covered with ash and sand. Soils are formed from this loose material,

which slopes gradually toward the interior and gives way to peat at

short distances. There are a few dunes on the narrow coastal beach.

The island is well covered with vegetation. Except where recently

disturbed by earth-moving machinery, the sandy areas are stabilized
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with beachgrass and other plants. Even the steep rocky cliffs are
largely covered with beachgrass, mosses, and flowering plants. Soon
after disturbance, beautiful flowering plants reinvade the dark-brown
peat of the interior.

One of the better drained soils, about 200 feet back from the coastal
cliff, was examined. The cover is chiefly grass—bluegrass, bluetop, and
beachgrass—with some sedges and wild geranium. The parent ma-
terial is wind-blown sand and volcanic ash over rhyolite.

[55] Tundra, without permafrost

:

Ao. 12 to inches, dark reddish-brown mat of peat and roots. (SYR 3/3.)
Ai. to 6 inches, nearly black silty organic matter. (SYR 3/1.)
B2. 6 to 28 inches, dark reddish-brown compact heavy silt loam, streaked

with black. ( Reddish brown : SYR 4/3.

)

C. 28 to 60 inches, reddish-brown sandy clay. (Brown: 7.5YR 5/4.)

The data in table 5 indicate a high exchange capacity, probably due
to the organic matter, low base status, and very strong acidity—the

strongest acidity of any of the Tundra samples from the Aleutians.

Table 5.- -Analytical data for Tundra soils without permafrost on the

Aleutian Islands and Cold Bay

Chemical Analyses

Soil and horizon Depth pH

Exchangeable cations
(m. e./lOO gm.)

Base
sat-

ura-
tion

Avail-
able

H Ca Mg K Mn Sum
P

Adak soil 53 (Al-

luvial-Tundra) :

1

Inches
0- 3
3- 6
6-10

0- 2
2- 5
5-12
12-15
15-18
18-20

20+

12-
0- 6
6-28

28-60

3-
0- 4
4- 7
7-16
16-36
48-60

3- 2
2-
0- 21^

214-12
12-32
32-36

5.3
5.0
5.0

4. 7
5.0
5. 5
5.4
5. 1

5. 1

19.9
50. 3
21.8

53.9
109. 9
67. 8
86.9
77. 2

38.4

2.4
1.3
0.7

2.4
1.4
1. 1

1. 1

1. 5

.9

0.8
1. 5
.7

3.7
2.0
.9
1.7
1.

.9

0.2
.6
.2

1.0
.5
. 1

1.2
1.4
2.0

0.05
. 11

.03

.01
(')

.02

.01
(')

0)

23. 4

53.8
23.4

61.0
113. 8
69.9
90.9
81. 1

42.2

Per-
cent

15

7
7

12
3

3
4
5
9

P.p.m.

2 _____ _

3
Amchitka soil 54:

Aio 12
Ai 1 2
Bi

B21
C__

Shemya soil 55:

Ao 4. 4
4.4
4. 5
5. 1

5.5
5. 9
5.9
5. 8
5.9
5.8

4.9
5.0
5. 4
6.0
6. 1

6. 1

Ai 102.3
64. 3
42.4

2.8
1. 5
.4

4. 7
. 5
.4

. 5

. 1

. 1

0)

(0

110. 3
66.4
43. 3

7
3
2

B2
C

Dutch Harbor
soil 57:

Ao _ _ 20
Ai 30.2

26. 1

42. 3

42.3
30.0

6.8
5.0
3. 9
1.7

. 7

4.3
3.3
2. 8
I. 5

. 6

.5

.3

. 2

<• 1

<• 1

.09

.04

. 03
(')

41.8
34.7
49. 2

45. 5

31. 3

28
25
14
7
4

8

Bio 6

Bi 1 1

Bo
C

Cold Bay soil 50:
An n

1

1

70
Ao 40
Ai
Bio

30. 2
36.4
23.4
23. 1

2.3
4. 2
4. 7
2.8

2.3
3.2
2.7
1.7

.7
1.0
.9
.7

. 04

.01

.01

.01

35. 5

44.8
31. 7

28.3

15
19
26
18

3

b\:
c

Footnote at end of table.
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Table 5.

—

Analytical data for Tundra soils without permafrost on the

Aleutian Islands and Cold Bay ^Continued

Soil and horizon Depth pH

Exchangeable cations
(m. e./lOO gm.)

Base
sat-

ura-
tion

Avail-
able

H Ca Mg K Mn Sum
P

Umnak soil 59:
An

Inches
3-
0- 6
6-20

20-32
32-40

5.1
5.8
6. 2
6.2
6. 1

Per-
cent P.p.m.

Ai n.
6.4

12. 3

2. 2
1. 8
3 1

L3
. 9

.6
3

.05

. 01

. 01

15. 2 27

Bi 9. 4 32
B2- L 2 .2 16.8 27L
C 16. 4 3. 9 1. 5 .7 .01 22. 5 27

MINOR ELEMENTS

Soil and horizon

Umnak soil 59
Ao
Ai
Bi
B2
C

Depth Cu

Inches P. p. m.
3-0 52
0-6 61
6-20 70

20-32 98
32-40 88

Zn Pb

p. m. P. p. m.
54 14
40 7
28 5
40 7
36 7

p. m.
191
98
65

133
143

1 Trace.

Umxak.—The sail was examined on a gently sloping alluvial fan
near its junction with the high coastal plain (fig. 18). The soil is

developed from reworked ash and cinders and probably had some light

additions during recent (1915) showers that were heavier in other

parts of the island. The luxuriant vegetation includes beachgrass,

sedges, lupines, and other plants.

[59] Tundra without permafrost

:

Ao. 3 to inches, dark reddish-brown fibrous and peaty mat. (5YR 3/2.)

Ai. to 6 inches, dark reddish-brown very fine sandy loam : softly granular

;

many roots; some cinders. (5YR 3 '2.)

Bi. 6 to 20 inches, very dark-brown sandy loam: loose and gritty. (Dark
brown : 7.5YR 4/2 to 3/2.

)

B2. 20 to 32 inches, dark-brown loam ; slightly compact. ( 7.5YR 3/2.

)

O. 32 to 40 inches, dark-brown gritty loam; moderately compact. (7.5YR
3/2.)

The data in table 5, as well as the morphology, indicate the soil to be
less mature than others and somewhat higher in exchangeable metallic

cations. This table also includes data on copper, zinc, lead, and
fluorine. The soil is neither unusually poor nor unusually rich in

these elements.
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Figure 18.—Umnak Island : Tundra soil, without permafrost, on a gently sloping
alluvial fan near its junction with the high coastal plain (near site 59).
A, Looking along the coast. B, Looking toward the interior.

Dutch Harbor.—Near the harbor, on a small island near Unalaska,
the soil was examined on a fairly strong slope (6 to 8 percent). It is

well drained and may be regarded as the normal soil for the region.

The parent material consists of slightly stratified volcanic ash over

892183°—51 4
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eruptive rocks. The vegetation is quite luxuriant and includes crane-

bill, wild parsley, bluetop, sedges, bluegrass, Alaska timothy, beach-

grass, crowberry, blueberry, wild geranium, iris, daisy, and other

flowering plants.

[57] Tundra without permafrost:
Ao. 3 to inches, reddish-brown mat of tough fibrous roots and mosses, prob-

ably partially burnt. (Dark brown: 7.5YR 3/2.)

Ai. to 4 inches, dark reddish-brown, mellow, moderately granular silt

(?)'' loam containing many roots. (5YR 3/2.)

Bio. 4 to 7 inches, dark reddish-brown moderately granular silt (?) loam;
weakly developed platy structure ; some roots. (5YR 3/2 to 2/2.)

Bii. 7 to 16 inches, dark reddish-brown granular silt (?) loam; slightly more
compact than soil above; weakly platy structure; some roots.

(SYR 3/2.)
B2. 16 to 36 inches, dark reddish-brown heavy silt (?) loam; moderately

compact in place, but easily removed in big chunks ; very friable and
granular; vesicular. Some old roots. (.5YR 3/2.)

Bs. 36 to 48 inches, yellowish-brown silt loam mottled with reddish brown:
rather compact in place, but easily removed in chunks that are
vesicular and friable. (Not sampled.)

C. 48 to 60 inches -+-, reddish-brown loam, mottled with reddish yellow;
compact in place. (.5YR 4/4 a^id 6/6.)

The data in table 5 show a fairly high base saturation for Tundra,
but very low available phosphorus.

Cold Bat.—The profile examined here is on a gently undulating
plain developed from volcanic ash reworked by water. The soil freezes

to depths of 4 to 5 feet, but thaws out during summer. The surface has
a regular microrelief , with mounds 3 to 7 feet across and 6 inches to

2 feet high (fig. 19). The vegetation includes crowberry, dwarf
willow, sedges, Dryas, various grasses, and mosses. The lower sub-

stratum is water-laid gravel. Similar soils cover the fans and foot

slopes of Frosty Mountain. Many of the slopes have well-developed
slip scars (fig. 20).

[50] Tundra without permafrost

:

Ao 0. 3 to 2 inches, mat of living moss and roots.

Ao. 2 to inches, dark reddish-brown peaty mat. (SYR 3/2.)

Ai. to 2^2 inches, dark reddish-brown very fine sandy loam, softly and
finely granular. (SYR 3/2.)

Bi 0. 21/^ to 12 inches 1 dark reddish-brown silty very fine sandy loam

;

and \ slightly compact, but granular and friable: some
Bii. 12 to 32 inches J roots. (SYR 3/3.)
C. 32 to 36 inches +. reddish-brown friable loam that rubs to a slick smear.

(Brown: 7.SYR 4/4.)
D. 48 inches +, gravel.

The exchange capacity is medium and base saturation is low, as

shown in table 5. Available phosphorus is very low.

Kenai Peninsula.—On the Kenai Peninsula, fronting Kachemak
Bay, are two broad general land forms: (1) Homer Beach, a gently
sloping lowland immediately fronting the Bay, and (2) a higher
rolling upland, above and north of the Beach, forming the southern
extension of the Kenai Plateau. Two profiles about 5 miles apart were
examined and sampled on the high plateau some 500 feet above the Bay.

' Uncertainty of textural class indicated by question mark ( 0.
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T>1 \>^ \-^m:^^'^^^

€2" '"'> -^^^-^

Figure 19.—Soil proliles in Tundra at Cold Bay. A, Site of sample [50]. B, An
adjacent cut. Note shallow rooting and surface mat.

The soils are derived from silty deposits over Tertiary rocks. Site 69

is located about 200 feet from the top of a ridge on a 12-percent slope,

whereas site 70 is at the top of a ridge on a 4-percent sloj^e. Both sites

have thick stands of bluetop {Calamagrostis)

.

[69] Tundra without permafrost

:

Ai. to 4 inches, dark reddish-brown friable silt ( ? ) loam with tough fibrous

roots; soft, fine granular structure. Charcoal is present. (SYR
3/3.)
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Ai 1. 4 to 71/^ inches, very dark-brown friable silt loam ; many tough fibrous

roots ; soft, fine granular structure. Charcoal is present. (Dark
brown: 7.5YR 3/2.)

As. 71/^ to 10 inches, dark reddish-brown and dark yellowish-brown silt loam;
moderately developed medium granular structure; many roots.

(Brown to dark brown : 7.5YR 4/2.)

B2. 10 to 121/^ inches, dark reddish-brown friable silt loam ; moderately de-

veloped irregular granular structure; many roots. (SYR 3/4.)

Bs. 12^/2 to 21 inches, yellowish-brow^n friable silt loam, slightly mottled with
light gray; moderately developed irregular granular structure;

many roots. (10YR5/4.)
Bs 1. 21 to 23 inches, transitional.

C. 23 to 24 inches -f, light yellowish-brown and yellowish-brown silt loam;
very few roots. ( Brown : lOYR 5/3.

)

[70] Tundra without permafrost

:

Ao. 2 to inches, black tough fibrous root mat of grass roots and Polytrichum
moss. Some charcoal is present.

Ai. to 2 inches, dark yellowish-brown friable silt (?) loam; moderately
developed granular structure; many roots. (Brown : 7.5YR 4/2.)

A3. 2 to 4^2 inches, dark yellowish-brown to very dark-brown friable silt

loam ; moderately developed medium granular structure ; many
roots, but less than in soil above. (Brown: 7.5YR 4/4.)

B. 41/^ to 7 inches, reddish-brown friable silt loam ; weakly developed me-
dium granular structure; many roots. (Brown: 7.5YR 4/2.)

Ci. 7 to 18 inches, yellowish-brown friable silt loam ; few roots. ( lOYR
5/4.)

C2. 18 to 27 inches, light yellowish-brown friable silt loam ; very few roots.

(10YR6/4.)
D. 27 inches -f-, light-gray silty clay (?) loam containing many shale frag-

ments. (10YR6/2 to 7/2.)

Figure 20.- -Near Cold Bay on Tundra soil, without permafrost,
slip scars, nearly healed.

Characteristic
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The data in table 6 show that these two soils are similar to one
another and to other Tundra soils. These profiles are slightly more
acid than most of those from the Aleutian Islands except for the one
on Sheniya. Base saturation is very low indeed.

Table 6.

—

Analytical data for Tundra soils without permafrost in the

Kenai Peninsula

Chemical Analyses

Soil and horizon

^ Exchangeable cations (m .e./lOOgm.)

Depth pH
H Ca Mg K Mn Sum

Inches
0- 4 4. 4 6L 8 3.2 L8 0. 9 0. 15 67. 8
4- 7/2 4. 4 104.0 2. 1 1.2 . 7 (1) 108.

7K-10 4. 3 70.0 1. 5 . 8 .4 0) 72. 7
10-12>^ 4. 5 112. 6 1.7 .8 . 6 .01 115. 7

12><-21 5. 1 52.9 .5 . 7 .6 .01 54. 7
23-34 5.2 43. 1 .9 . 7 .8 .01 45.5

2-
0- 2

4.2
4.3 50. 4 3.2 L9 .8 .01 56.3

2- 4^2 4. 8 49.8 . 9 .5 . .2 .01 5L 4

4>^ 7 4.9 44.7 .7 . 4 . 5 . 13 46. 4
7-18 5.2 54.3 .8 .5 . 1 .02 55. 7
18-27 5. 3 42. 5 1. . 3 . 1 (1) 43.8

27+ 5. 4 12. 5 5.3 2.2 . 1 .01 20.0

Soil 69:

Ai_
A,
A3-
B2-

B3-

C_
Soil 70:

Ao-
Ai_
A3-
B_.

Ci.
C2-
D_

Per-
cent

9
4
4
3
3
5

10
3
4
3
3

38

Trace.

PODZOL

Schematic maps of zonal soils, based primarily upon maps of genetic

factors, have indicated large areas of Podzols in Alaska. As already
pointed out, however, most of the land where Podzols are expected is

occupied by azonal or intrazonal soils. Well-developed Podzols with
prominent genetic horizons are comparatively limited. Podzols with
very feebly developed A2 horizons, possibly like the kryptopodzolic
soils of the Russian writers, are more common and are transitional

between the well-developed Podzols and the Subarctic Brown Forest
soils. Still, the few normal soils that may be found in large areas

south and east of the Tundra are Podzols (figs. 21 and 22).

Climate.—Podzols are found near Anchorage, Matanuska, Fair-

banks, and Fort Yukon. These stations are shown in the climatic

summaries in tables 1 and 2. The mean annual temperatures are ac-

tually lower for these stations than in the Aleutians with Tundra
soils; but the summer temperatures are higher. The mean annual
temperature at Duluth, Minn., where Podzol soils are found, is a bit

higher than in the Podzol region of Alaska, and annual precipitation

is substantially higher—26.5 inches for Duluth, as compared to 14.5

for Anchorage and only 6.7 for Fort Yukon.
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Figure 21.—Podzol profile on terrace along the railway south of Talkeetna.
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Vegetation.—Poclzol soils in Alaska have been observed within the

Boreal forest of the interior, and perhaps some weakly developed
representatives may occur in the coastal forest (fig. 12) . The vegeta-

tion on the Podzols in Alaska is not greatly different from that found
on Podzols in the northern Lake States. Several plant species, how-
ever, which make up part of the plant communities on the poorly
drained associates of Podzols in the northern Lake States, are found
on the Podzols themselves in Alaska. Labrador-tea {Ledum groen-

landicwm) and several mosses, including Sphagnum, are examples.
In Alaska, Podzol soils with the most strongly expressed morphology
have been found under plant associations consisting mainly of white
birch, quaking aspen and other poplars, and white spruce trees; an
undercover of dwarf heath shrubs, especially blueberries and Labra-
dor-tea ; and a ground cover of mountain cranberry, crowberry, mosses,

lichens, and dwarf dogwood {Cornus canadensis)

.

Upper Susitna Valley.—Podzol soils may be seen at several places

along the railroad. One was examined near Hurricane Gulch, some

0Y2 miles north of Hurricane Station. The examination was made on
the top of an esker, perhaps 30 feet above the general level of the

valley (fig. 22, A). Under a sparse stand of spruce trees is a moder-
ately thick understory of blueberries and spirea and a thick ground
cover of crowberry, dwarf dogwood, dwarf raspberry, mosses, and
scattered bunches of bluetop grass where the soil has been disturbed.

[251 Podzol:
Ao. 3 to inches, dark reddish-brown fibrous root mat. (2.5YR 2/4.)
Ai. to % inch, darl't reddish-brown humus-rich sandy loam.
A2. Vs to 2 inches, light-gray ashy loamy fine sand having weakly developed

platy structure. Irregular in thickness, % to 4 inches thick.

(5YR 7/1.)
B2. 2 to 8 inches, very dark reddish-brown granular fine sandy loam—an

orterde with some ortstein. Thickness varies from 4 to 10 inches.

(2.5YR 2/4.)
B3. 8 to 14 inches, dark reddish-brown loose gravelly sandy loam, weaklj

and irregularly cemented. Variable thickness. (SYR 3/4.)

C. 14 inches -}-, loose fine and coarse gravel with many large stones and some
sand ; comes from rocks of mixed origin that contain many dark-
colored minerals.

The B horizon is enriched with both humus and iron oxide. The
cation-exchange capacity of the B, is severalfold that of the Ao
(table 7). Base saturation is very low, and the soil is characteristic-

ally acid. The influence of the vegetation on the accumulation of
bases in the surface is clear. The most productive cover is forest.

Since the B horizon owes its characteristics chiefly to organic matter
moved into it, many would call it a "humus" Podzol in contrast to

"iron" Podzols, which have a relatively greater accumulation of iron.

Although still young in geological terms, this profile is a clearly

developed Podzol. A few yards away in lower ground is a Ground-
Water Podzol with well-developed ortstein, similar to many Ground-
Water Podzols on imperfectly drained sandy plains in the Lake
States (fig. 22, ^).

Several other Podzols may be seen from the railroad. A well-
developed one near Talkeetna was examined.
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AxcHORAGE Area.—Podzol soils are on parts of the lowland plain be-

tween Knik Arm and Tiirnagain Arm—a plain made tip of sands and
gravels from glacial streams and encroaching on an area of tidal wa-
ter. A characteristic one lies on a nearly level high bench along Spen-
ard Lake Eoad abotit 1% miles south of Anchorage, under a semi-
open cover of white birch, aspen, and white spruce trees, an under-
story of willow shrubs, and a ground cover of crowberry, mountain
cranberry, dwarf dogwood, blueberries, and Polytrichum moss.

A..

[48] Podzol:
Ao. 2% to inches, very dark-brown fibrous organic mat containing- many

woody roots.

to 14 inch, dark-brown to black hnnnis soil.

14 to 3 inches, light-gray to reddish-gray friable fine sandy loam, specked
with yellowish brown : weakly developed fine platy structure ; many
roots. (Light gray : 5T 7/1.)

B2. 3 to 10 inches, yellowish-brown fine sandy loam containing many roots.

The soil is weakly cemented and. in places, contains strongly ce-

mented fragments' of ortstein. (lOYR 5/6.)

Bs. 10 to 14 inches, light yellowish-brown friable fine sandv loam : rerv
few roots. (10 TR 6/4.)

C. 14 inches -|-, loose fine and medinm sands of mixed composition, but
high in dark-colored minerals.

The morphology and data in table 7 suggest moderate podzoliza-
tion. The base saturation is low and characteristic of Podzols, with the

Ao horizon the most acid, although exchangeable calcium and mag-
nesium are higher in the Ao than in the B. Available phosphorus is

low in all horizons except for the surface organic mat.

Table 1

.

—Analytical data for 3 Podzol soils in southern Alaska

Chemical Analyses

Soil and horizon Depth pH

I
!

Exchangeable cations (m. e./lOO gm.)' Base

H Ca Mg K Mn Sum

sat-

ura-
tion

Avail-
able
P

Soil 25:

Ao-
Ao_
B,_
bL
C^

Soil 48:

Ao-
A2_
Bo_
B3-
C_

Soil 47:

Ao_
A2_
B_

1 Trace.

Inches
2-0 4.

Vg- 2 3. 6
2-8 4. 1

8 -14 4. 9
14+ 5. 1

214- 5.2
}i- 3 4.4
3 -10 5. 5

10 -14 5. 5
14+ 6. 7

1 - 4.9
0-3 4. 8

3 - i

6 -li

21. 3

106. 4
18. 6

3. 9

20. 3

22. 9

10. 6

2. 6

Per-
cent P. p. m.

0. 2 0. 01
. 4i .01

<• 1

2.4
. 9

15. 3|

5. 6 18. Oi

6. 1 6. 0'

2.4
1. 2

22. 3
107.3
19.

4. 1

23. 9
24 4
11.7
3.9

.02

.01
18. 6

19. 9

7. 1

102
5

2
12

182
16
1

3

2 None.
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Soils similar to this are near the margin for crop use. Where con-
veniently located, it may be entirely practicable to use them for veg-
etables and other crops, especially on suburban tracts used on a part-

time or "part-family'' basis, with fertilization and perhaps supple-
mental irrigation. Yet similar soils far from the market should re-

main in forest.

Knik Area.—Sandy Podzols and peat bogs occupy most of a large
outwash plain southwest of Wasilla near Knik, and between Knik
and Goose Bay. Soils similar to the Podzol described in the Anchor-
age area [48] predominate. Here, far from a market, these soils are

not being cultivated and are now covered, for the most part, with a

thick stand of white birch, aspen, and white spruce trees and a ground
cover of very dwarf heath shrubs and many mosses {Hypnum^ Poly-
trichum^ and Sphagnum)

.

[47] Podzol:
Ao. 1 to inch, black to very dark-brown tough fibrous organic mat con-

taining many roots and some charcoal.

As. to 3 inches, light-gray loose loamy very fine sand; weakly developed
thin platy structure; many roots. (Light brownish gray: 2.5YR
6/2.)

B. 3 to 6 inches, yellow^ish-brown weakly cemented very fine sandy loam

;

very weakly developed subangular blocky structure ; many roots.

(lOYR 5/6.)
0. 6 to 18 inches, loose mixtures of medium and fine sand of mixed com-

position.

The data in table 7 indicate that this soil has essentially the same
characteristics as the one near Anchorage [48]. In other Podzol soils

in this region, the covering of sandy material is shallower and part
of the solum is developed from gravel and cobbles.

Circle Hot Springs.—A Podzol soil was examined on an undulating
plain at the north end of a mountain slope just east of Circle Hot
Springs. The parent material is a gravelly sandy loam suggesting
glacial till, but may be mud flow or coUuvium from the mountain
slope. The plant cover consists of a thick stand of young aspen,

from 3 to 8 feet high, like that on many severely burned areas in the

northern Lake States, along with a few young white spruce and a
ground cover dominated by crowberry, mountain cranberry, and
lichens (fig. 23).

[15] Podzol:
Ao 0. 2 to 1 inch, nearly fresh leaves and twigs.

Ao. 1 to inch, dark reddish-brown fibrous root and leaf mat containing
mycorrhiza mycelium and charcoal. (5YR 3/2.)

Ai. Exceedingly thin very dark-brown humus soil. Nearly absent in places.

As. to 2 inches, light-gray ashy fine sandy loam containing many roots

;

weakly developed platy structure ; slightly vesicular ; ranges from
less than 1/2 to 3 inches thick. (Pale brown: lOYR 6/3.)

Bi. 2 to 5 inches, light yellowish-brown silt loam containing many roots;
weakly developed mixed subangular blocky and platy structure;
easily friable; a few pebbles. (lOYR 6/4.)

B2. 5 to 11 inches, reddish-brown to yellowish-brown loam containing few
roots; weakly developed fine subangular blocky structure; easily

friable; many pebbles, mainly of gneiss and quartzite. The soil

is slightly cemented. Horizon boundaries and thickness are ir-

regular. (Brown: 7.5YR 5/4.)

C. 11 to 18 inches, light yellowish-brown gravelly sandy loam; loose and
porous. (lOYR 6/4.)
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....^^^^^

FiGTjEE 22.—In the upper Susitna Valley. A, Railway cut through an esker onwhich a Podzol soil has developed [25]. B, Cut through a Ground-Water
Podzol nearby.
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FiGUKE 23.—Podzol soil [15] at Circle Hot Springs. A, Profile; shallow, but
characteristic. B, Quaking aspen cover after fire.
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The morphology and the data in table 8 suggest moderate podzoliza-

tion, as in the two profiles described near Anchorage and Knik. Both
ferric oxide and clay appear to have moved into the B.
The leached A2 contains about half as much clay as the C and one-

third as much as the Bg. The data suggest that the original material
was finer in the surface than in the present C. The silt content of the

solum is more than double that of the C. Values for base saturation,

exchangeable cations, and available phosphorus are similar to those

for the profiles near Anchorage and Knik. Organic carbon and nitro-

gen decrease w^ith depth. The carbon-nitrogen ratio of the organic
matter in the A horizon is twice that of the B horizon—about 32 to 1

and 14 to 1—indicating that the organic matter is raw in the A and
fairly well decomposed in the B. This is the reverse of the relation-

ships in the Tundra soil [52] at Adak.

North of Fairbanks.—Although it may be expected that the normal
soils in the Fairbanks area are Podzols, actually they are few. The
less mature Subarctic Bi'own Forest soils are dominant in the well-

drained positions, instead of Podzols. Yet distinct, though weakly
developed, Podzols may be seen on the uplands north of Fairbanks,
toward Livengood, away from the strong influence of silty wind-
blown materials.

A Podzol was examined about 34 miles north of Fairbanks on gently
rolling upland under a tree cover of second-growth white birch, aspen,

and a few spruce and an undergrowth of blueberry, Labrador-tea,
and a few alder.

[9] Podzol:
Ao. 2 to inches, dark grayish-brown fibrous organic mat containing many

coarse and woody roots. (pH, 4.1.)

Ai. to ^2 inch, dark reddish-brown granular humus soil. (pH, 4.0)

(SYR 3/2.)
A2. % to 2 inches, light yellowish-brown and light-gray very fine sandy loam

;

weakly developed friable fine platy structure ; many roots. Tongues
reach 2 to 3 inches into the lower horizon. (pH, 4.0.) (Grayish
brown: lOYR 3/2.)

B2. 2 to 6 inches, yellowish-brown very fine sandy loam ; slightly compact,
but digs out into easily friable weak irregular blocks ; many roots.
(pH, 4.4.) (lOYR 5/4.)

B3 1. 6 to 11 inches, light yellowish-brown very fine sandy loam ; friable

;

few roots. (pH, 4.8.) (lOYR 6/4.)
B3 2. 11 to 16 inches, light yellowish-brown and light reddish-brown very fine

sandy loam; slightly compact in place, but easily friable when re-

moved. (pH, 5.2.) (lOYR 6/4.)
Ci. 16 inches-f-, light yellowish-brown coarse silt loam; material rich in

mica and grades downward into micaceous schist. (pH, 5.2.)

(lOYR 6/4.)
C2. (Deep), fragments of micaceous schist. (pH, 6.2.)

This is a rather weakly developed Podzol. No laboratory data
besides pH are available for this soil.

Juneau Area.—Unfortunately, except for a few examinations near
Juneau, it was not possible to study the soils in the coastal region of
high rainfall in southeastern Alaska. Similar soils were examined
on several of the better drained sites at Point Louise under a dense
forest of hemlock and Sitka spruce. Half Bog and Bog soils are asso-
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ciates on slopes of equal gradient, about 5 to 10 percent. A generalized
description of the profile of the better drained soils is as follows

:

Ao. 2 to 5 inches thick, dark reddish-brown fibrous organic mat. Extremely
acid.

Ai. 1/4 to % inch tliick, very dark reddish-brown and very dark-brown liighiy

decomposed or completely altered organic matter. Extremely acid.

As. 3 to 8 inches thick, variably colored bnt generally pale-red loam, slightly

mottled with brown ; weakly developed crumb structure, with a
tendency to platiness in place ; friable and fluffy ; many roots. Ex-
tremely acid.

B. 8 to 12 inches thick, dark reddish-brown loam, grading downward to dark
brown to grayish brown ; weakly developed granular structure

;

friable and fluffy. Very strongly acid.

Ci. 5 to 10 inches thick, mottled pale-yellow and yellowish-brown sandy clay
loam containing many fragments of slate, quartzite, and schist.

Str(Higly acid.

This soil is tentatively classed as a weak Podzol because it has sev-

eral characteristics in connnon with Podzols; however, it might be
included with Brown Podzolic soils by some. Its extremely acid

organic surface (Ao) horizon and subsurface horizons are like those

of Podzols. The apparent accumulations of both organic matter and
ferric oxide in the dark redclish-brown B horizon suggest the orterde

of Podzols. On the other hand, the A3 horizon is in striking contrast

to the well-defined bleichercle, or A.., of Podzols.

SUBARCTIC BROWN FOREST

Within the region of Podzol soils in Alaska, and merging Avith the

Tundra in places, are well-drained soils with brown surface horizons
that merge through gradual transitions to the parent material beneath.

They have been named Subarctic Brown Forest soils because of their

similarity to the Brown Forest soils of temperate regions. They may
or may not be underlain by permafrost, but the lower soil is normally
too cold for much growth of roots or micro-organisms.
The Subarctic Brown Forest soils resemble the Podzols in some fea-

tures, and between them and the Podzols are transitional soils.

Subarctic Brown Forest soils have acid organic layers (Aoo and Ao)
on the surface, often including a fibrous or peaty mat. Usually they
are leached of free carbonates. In most, the surface horizon is slightly

to strongly acid, while lower layers are slightly acid or even neutral.

They lack the ashy, light-colored Ao horizon characteristic of the

Podzols, although near the margins of the transition to Podzols there

is a suggestion of it. The mineral matter has not been so greatly

altered by soil-forming processes as in the Podzol. Thus, the char-

acteristics of these soils are more nearly like those of the parent
materials themselves.

Although these soils appear to occupy a stage of immaturity before
Podzol, and are placed in the intrazonal order, it is not possible to

say definitely that they are simply younger soils. The Subarctic
Brown Forest soils appear to be reasonably stable in this region. That
is, given the parent materials and geomorphological processes of the

landscapes of which they are a part, it cannot be postulated that they
will in time become Podzols. Yet some of them may.
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The areas of Subarctic Brown Forest soils in Alaska are associated

with areas of Podzol, Bog, and Half Bog. The two most important
farming a reas—in the Matanuska Valley and in the neighborhood of

Fairbanks—are largely on Subarctic Brow^n Forest soils.

Climate.—The Subarctic Brown Forest soils are found in the sub-

arctic climate—a colder climate than that characteristic of well-devel-

oped Podzols in North America. The climatic data given in tables 1

and 2 for Fairbanks, Fort Yukon, Copper Center, Wiseman, Mata-
nuska, and Anchorage are representative. Weakly developed Podzols
may also be found near these stations.

Vegetation.—The Subarctic Brown Forest soils are under the Boreal
forest already described (fig. 12). The vegetation is similar to that

on the Podzols. Mixtures of white birch and white spruce are most
common (fig. 24) . Possibly the forest is a bit heavier on the Subarctic
Brown Forest, although no quantitative comparisons have been made.
Perhaps willow and alder shrubs are more plentiful than on Podzol,
although these shrubs are most numerous on the poorly drained soils-
wet Alluvial and Half Bog soils. The peat-forming mosses and
dwarf heaths, similar to the cover on Bog soils in the northern Lake
States, become established on the well-drained Subarctic Brown
Forest soils and even more so on the well-drained Podzols.

Fairbanks Area.—North of Fairbanks the Subarctic Brown Forest
soils are developed on the well-drained valley slopes, terraces, and
low ridges. On gentle slopes and valley flats these soils give way to

Half Bog and Bog soils. Excellent examples may be seen as the
dominant soils along the Farmer's Loop Road north of Fairbanks.
The soils are developed from deposits of silty fine and very fine sands
that appear to have been moved out of the alluvial flats by wind during
an earlier period when w^inds were greater than now. This mantle is

several feet thick in places, but thins out to the north.

Two soils classified as Fairbanks silt loam {6) on the agricultural

experiment station near Fairbanks w^ere examined. The first one is

just north of the first field to be cultivated at the station. It lies on
a south-facing slope of about 5 percent between the valley bottom and
a low ridge (fig. 14). The plant cover consists of a moderately heavy
stand of wdiite spruce, white birch, and aspen, 25 to 40 feet tall, with
an undergrowth of wild rose, high-bush cranberry, horsetail

{Equisetum)^ mountain cranberry, and a few mosses.

[1] Subarctic Brown Forest (Fairbanks) :

Ao. 2 to inclies, dark reddisli-brown fibrous organic mat of leaves, needles,

twigs, mosses, and roots. The lower part is partly disintegrated.

(r)YR;V2.)
All. to 3 inches, brown very fine sandy loam, rich in organic matter ; weakly

developed crumb structure ; very friable ; many live roots and a few
worm casts and mycorrhiza mycelium. (7.5YR 5/4.

)

Ai2. 3 to 5 inches, yellowish-brown very fine sandy loam, slightly specked with
light grayish brown ; very weakly developed fine platy structure

;

very friable; slightly vesicular; many live roots. (lOYR 5/4.)

Bii. 5 to 10 inches, yellowish-brown very fine sandy loam, specked with
yellowish red ; weakly developed fine platy structure ; micaceous

;

compact in place, but easily friable when removed ; many live roots.

(lOYR 5/4 to 4/4.)
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Bi2. 10 to 18 inches, light yellowish-brown very fine sandy loam, slightly

mottled with olive ; weakly developed fine platy structure ; compact
in place, but friable when removed ; few roots ; highly micaceous.
(Light olive1)rown : 2.5Y 5/4.)

Ci. 18 to 28 inches, pale-yellow very fine sandy loam, mottled with yellowish
red and yellowish brown ; friable : highly micaceous : slightly lami-
nated and has a few small darker spots between laminations.

C2. 28 to 45 inches, light brownish-gray very fine sandy loam ; highly
micaceous ; laminated. (2.5Y 6/2.)

Permafrost lies discontinnously and at uneven depths.

The data in table 9 for pH and base saturation suggest a Brown
Forest soil and are quite in contrast to those for Podzols. The in-

fluence of the vegetation in concentrating metallic cations in the

surface is obvious. Taken together, the morphology and chemical

data suggest a slight influence of podzolization. They also suggest a

relatively productive soil for crops.

Table 9.

—

Analytical data for 2 Subarctic Brown Forest soils near
Fairbanks

Chemical Analyses

Soil and
horizon Depth pH

Exchangeable cations
(m. e./lOO gm.) Base

satura-
tion

Avail-
able
P

Nitro-
gen

Organ-
ic car-

H Ca Mg K Mn Sum
bon

Soil 1:

Ao
Inches
2-

0- 3
3- 5

5-10
10-18
18-28
28-45

0- 7
7-15
15-21
21-31
31-38

6.6
6.0
6.0
6.1
6.4
6.1
6.5

7.0
6.3
6.7
6.7
6.7

12.5
8.7
4.2
4.4
3.6
3.3
2.3

3.9
2.3
2.3

2.8
2.3

53.6
10.7
6.1
8.4
8.7
7.8
6.6

11.0
10.1

8.8
11.7
10.4

11.6
3.0
2.3
5.0
6.0
6.4
5.6

3.4
5.5
5.1

6.8
6.2

0.9
.3
.2
.2

.1

.1

.1

.1
•1

G)
.1

.1

0.33
.06
.05
.02
.01

.01

.01

.03

.01

0)
0)
0)

78.9
22.8
12.8
18.0
18.4
17.6
14.6

18.4
18.0
16.2
21.4
19.0

Percent
84
62
68
76
80
81

84

79
87
86
87
88

P.p.m.
116

66
21

9

28
73
110

32
32
104
80
96

Percent
0.87
.11

.04

.04

.03

.03

.03

.08

.03

.03

.03

.03

Percent
8.0

Ai 1 2.20

Ai 2 .76

Bi 1 .54

Bl 2 .87

Ci .35^U. .......-_
.20

Soil 2:

An 1.20

Bl
Cii

.30

.25

Cl 2 .33

C2 1.01

1 Trace.

A cultivated soil, similar to the first except for some compaction

and truncation, was examined nearby. The soil was cleared in 1909.

It was cropped to potatoes in 1910 and 1911, and to small grains from
1912 through 1916, and then potatoes. Wlien sampled in 1946 it had
been in pasture since 1939. At the time of sampling, the stands were
about three-fourths bromegrass and one-fourth bluegrass.

[2] Subarctic Brown Forest (Fairbanks, cultivated) :

Ap. to 7 inches, dark yellowish-brown very fine sandy loam ; weakly devel-
oped ciumb structure; very friable; many roots. (lOYR 4/4.)

Bl. 7 to 15 inches, light olive-brown very fine sandy loam, slightly mottled
with yellowish red ; weakly developed fine platy structure ; mica-
ceous ; compact in place, but friable when removed ; many live

roots. (2.5Y 5/4.)
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Cii. 15 to 21 inches, light yellowish-brown very fine sandy loam; weakly
developed tine platy structure ; comiuict in place, but friable when
removed; micaceous; few roots. (2.5Y 6/4 to 5/4.)

Ci 2. 21 to 31 inches, pale-yellow very fine sandy loam, mottled with yellowish
brown ; highly micaceous ; laminated.

C2. 31 to 38 inches, pale-yellow, light-gray, and yellowish-brown very fine

sandy loam ; highly micaceous ; laminated with darker spots between
laminations.

Permafrost was not found, but it may occur irregularly in places.

Both morphology and the laboratory results in table 9 suggest some
truncation. Generally, however, the uppe\" sola of Subarctic Brown
Forest soils have very low volume weights and shrink considerably
with cultivation. The content of organic matter is lower, but much
of this may have been lost during clearing. Many of these soils are

cleared in ways that remove too much of the organic matter, espe-

cially since the use of bulldozers. The slightly higher figures for

pH and exchangeable calcium may have resulted from burning after

clearing.

Near Elliott Highway, 15 miles north of Fairbanks," a soil called

Gilmore silt loam (J) was examined. It covers a large rolling area

at an elevation of 600 to 2,000 feet northeast of Fairbanks. The soil

is developed from the products of micaceous schist weathered in place

and overlain by wind-blown silty very fine sand, which may be in

smears only an inch or so thick or may be up to some 18 inches thick.

The profile was made on a slope of about T percent under a cover of

small white spruce, along with dwarf birch shrubs and a few alders,

and a ground cover of Labrador-tea, blueberry, crowberry, mountain
cranberry. Sphagnum mosses, and lichens (fig. 25).

[8] Subarctic Brown Forest (Gilmore) :

Ad 0. Sphagnum' mosses and lichens.

Ao. 2V2 to inches, grayish-brown fibrous organic mat containing many
roots. The lower part is dark reddish brown and partially disinte-
grated.

Ai. to 2 inches, dark yellowish-brown to reddish-brown silty very fine sandy
loam, rich in organic matter ; weakly developed crumb structure

;

friable; many live roots; some charcoal ; micaceous. (lOYR 4/4 to

5YR 4/3.)

Bi. 2 to 10 inches, dark yellowish-brown and yellowish-brown very fine

sandy loam, speckled with yellowish red and reddish brown ; com-
pact in place, but friable when removed ; slightly vesicular ; weakly
developed crumb structure showing a tendency to platiness in place

;

highly micaceous, with a few fragments of micaceous schist. (Pale
brown: lOYR 6/3.)

Ci. 10 to 18 inches, pale-brown very fine sandy loam, grading downward to
light yellowish brown ; highly micaceous ; l3ecomes very stony in
lower part ; very cold but not frozen on July 11. (lOYR 6/3.)

C2. 18 inches -f, partially weathered micaceous schist, predominantly
light yellowish brown.

The data in table 10 suggest that the textural class might be silt

loam rather than very fine sandy loam ; but because of the low content
of clay and very high content of coarse silt, very fine sandy loam is

more appropriate as a class name.

In sec. 18, T. 2 N., R. 1 B.

892183°—51——5
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FiGUKE 24.—Northeast of FairbMiiks, cbai-acteristic vegetation on Subarctic
Brown Forest. A, Characteristic mixed spruce and white birch. B, Second-
growth white birch and aspen, with spruce reproduction.
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Figure 25.—^North of Fox. Semiopen cover of small spruce, with a dense ground
cover of heath shrubs (site of soil 8).

The soil is more acid than the two described just previously and
is undoubtedly approaching a Podzol. Farther north, and thus
farther from the influence of the wind-blown material, weak Podzols
were seen (Podzol soil 9). The carbon-nitrogen ratios in the upper
horizons are very wide. The data on trace elements reveal neither

excesses nor deficiencies.

A cultivated soil in the Fairbanks series was examined on the Mc-
Grath farm a few miles north of Fairbanks (fig. 26). Samples were
taken from an adjacent field that was plowed in 1942 and left idle

long enough for bluetop grass to become established. The land was
to be planted to potatoes in 1947, 1 year after sampling. The samples
were taken in a sloping place of about 6-percent gradient.

[7] Subarctic Brown Forest (Fairbanks, cultivated) :

Ap 1. to 5 inches/^ mineral portion of plowed layer, mostly the As horizon.
Brown very fine sandy loam; weakly developed crumb structure;
friable. (lOYR 5/3.)

Ap 2. 5 to 9 inches,^^ highly organic portion of the plowed layer turned under,
mostly the Ao and Ai horizons. Grayish-brown very fine sandy
loam ; weakly developed crumb structure ; friable. ( lOYR 5/2
to 4/2.)

B. 9 to 20 inches, pale-brown and light olive-brown very fine sandy loam

;

weakly developed platy structure ; compact in place, but easily
friable when removed ; micaceous. ( 10YR 6/3 to 2.5YR 5/4.

)

These layers actually overlap. The Ap 2 is the plowed sod, turned under.
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The data in table 11 indicate the higher base status of the layer
turned under in plowing. They also suggest the beginning of podzoli-

zation beyond the status of the soils examined on the experiment
station.

'9:^1.:^.

:.^^'

Figure 26. -Fairbanks very fine sandy loam, a few miles northeast of Fairbanks
(near site 7).

Circle.—A soil was examined in an old quackgrass hay meadow on
a high bottom land near the south bank of the Yukon River, just west
of the trading post. It has developed from well-drained sandy allu-

vium above the flood stage of the river.

[17] Subarctic Brown Forest (sandy) :

Ap. to 7 inches, dark grayish-brown loamy very fine sand to loamy fine sand,
slightly mottled with dark reddish brown ; weakly developed crumb
structure ; loose ; many live roots and rhizomes of quackgrass.
(2.5Y 4/2.)

B. 7 to 15 inches, grayish-brown loamy fine sand ; loose ; roots plentiful.

(2.5Y 5/2.)

The data in table 11 indicate that both surface soil and subsoil are

mildly alkaline. Exchangeable calcium dominates the exchange com-
plex. The available phosphorus is exceedingly low. Obviously this is

an immature soil that might be placed in the Alluvial group, except

that few if any additions are now being made to the surface.

Big Delta Area.—A large area of terraces extends south of the
Tanana River to the foothills of the Alaska Range. These terraces

continue along the north boundary of the foothills far to the west.

They were also observed north of Browne Station on the Alaska Rail-

road. Wherever examined, these consist of a thick deposit of w^ater-

sorted cobbles, gravel, and coarse sand, covered by thin layers less than
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2t1: inches thick of coarse siks, very fine sands, and fine sands. Where
observed from the highway and raih^oad, these terraces break sharply

and uniformly to lower terraces or bottom lands (fig. 27).

'Si^

Figure 27.—Near Big Delta. Subarctic Brown Forest soil thin over gravel and
cobbles. Gravel road was made by simply pushing aside the surface foot or
so of fine material. (Photo by D. A. Savage.)

The soils on these terraces vary widely in drainage. The higher

parts have well-drained Subarctic Brown Forest soils, since drainage

is free through the coarse substratum. Impermeable permafrost rarely

develops in these coarse materials. Near Big Delta, about 6 to 18

inches of fine material covers the gravelly and cobbly substratum.

Subarctic Brown Forest

:

Ao. 4 to inches, weak-red fibrous organic mat. (pH. 6.5.^°)

Ai. to 3 inches, dark-red to reddish black loamy very fine sand ; weakly de-
veloped fine granular structure ; very friable. (pH, 7.5.)

B2. 3 to 8 inches, dark-brown loamy very fine sand, slightly mottled with weak
red and strong brown ; very weakly developed fine subangular blocky
to crumb structure ; very friable. (pH, 6.5.

)

B3. 8 to 20 inches, brown loamy fine sand grading into Ci. (pH, 6.5.)

Ci. 20 to 21 inches, light-brown loamy fine sand, slightly spotted with pale
brown; very weakly cemented. (pH, 6.0.)

D. 21 inches -|-, mixtures of cobbles and gravel.

Copper Epvt^r Basin.—Five Subarctic Brown Forest soils were ex-

amined in the southeastern part of the Copper River Basin along the

abandoned Copper River-Northwestern Railroad between Chitina and
McCarthy and near the site of the former village of McCarthy.
At Long Lake, between Chitina and McCarthy, a soil was examined

that is cleveloj^ecl on alluvial and lacustrine deposits in an old settling

basin. Several ranches, since abandoned, were located on part of it.

It was said that these ranchers were more successful than most in this

By Soiltex in the field.
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general region. Their farming was confined to vegetables for copper

miners and hay for pack horses.

The profile was examined on a nearly level area under a thick tree

cover of white spruce, willow, and aspen and a sparse ground cover of

dwarf dogwood and twinflower.

[40] Subarctic Brown Forest

:

Ao. 4 to inches, dark reddish-brown fibrous organic mat. (r>YR 3/2.)

Ai. to 7 inclies, dark reddish-brown, with mixture of gray, very fine sandy
loam ; weakly developed tine crumb structure ; friable ; many roots.

(Dark reddish gray: SYR 4/2.)

B. 7 to 15 inches, mottled light yellowish-brown and reddish-brown silty very
tine sand ; weakly developed platy structure ; compact in place, but
loose and flufey when removed. (7.5YR 4/2.)

D. 15 inches -f, mixture of sand and gravel containing many dark minerals.

The data for this profile in table 11 follow a pattern similar to that

for soil 89, except for the high value for exchangeable calcium and
for the high ratio of exchangeable calcium to exchangeable magnesium.
Near the abandoned railroad, 7 miles west of McCarthy, a soil was

examined in a morainic area that extends several miles along the aban-

doned railroad between Chitina and McCarthy. The profile was made
on a slope of about 9 percent under a cover of .willow, along with a few
aspen, and a low^er cover of Labrador-tea, mountain cranberry, bear-

berry, and a few scattered lupines. The appearance of the vegetation

and charcoal remains suggests frequent burning.

[39] Subarctic Brown Forest

:

Ao. 1 to inches, dark reddish-brow^n fibrous organic mat containing some
charcoal. (5YR 3/2.)

Ai. to Ys inch, humus soil ; not sampled.
As. Vs to 1/4 inch, light yellowish-brown, very loose, very fine sandy loam.

(This layer is absent in places.)

Bi. 1/4 to 4 inches, reddish-brown loam containing many roots ; weak fine

crumb structure ; friable. ( Brown : 7.5YR 5/4.

)

B2. 4 to 10 inches, reddish-brown loam, slightly mottled with olive ; weakly
developed granular structure ; very few roots. This layer is weakly
cemented when dry. (5YR 5/4.)

Ci. 10 to 20 inches, grayish-brown loose fine sandy loam containing a few
pebbles. (lOYR 5/2.)

The data in table 11 show slight acidity and a high base status. Ex-
changeable calcium is moderately high, relative to exchangeable mag-
nesium, and exchangeable potassium is low.

On Sourdough Ridge, southeast of McCarthy, a Subarctic Brown
Forest soil from glacial till was examined. The area is about 6 or 7

miles long and 2 miles wide ; it lies near the top of a ridge on a south-

facing slope of about 9 percent. While the mines were operating years

ago, much of the soil was occupied by several ranches, since abandoned.
The prohle was examined under a cover of willow, aspen, and horse-

tail.

[37] Subarctic Brown Forest

:

Ao. 5 to inches, black when moist, dark reddish-brown when dry, fibrous

organic mat containing some charcoal. (5YR 3/2.)

Ai. to 5 inches, mottled yellowish-brown, dark reddish-brown, and light

grayish-brown loam containing many live roots; weakly developed
crumb structure; friable.
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B. 5 to 10 inches, yellowish-brown light clay loam, mottled with gray ; weakly
developed fine subangnlar blocky structure ; many roots ; slightly

compact in place, but friable when moist and firm when dry.
(Brown : lOYR 4/3 to 5/3.)

Ci. 10 in(*hes +, light yellowish-brown and gray sandy clay loam; very
weakly developed subangular blocky structure ; grades into glacial

till varying in texture from loam to sandy clay loam. Cobbles in

the till consist largely of graywacke, rhyolite, and diorite. (Brown :

10YR4/3.)

The data in table 11 are similar to those for the other soils reported
from the Copper River Basin. All show slight leaching of bases and
profiles suggestive of Brown Forest soils, except for less depth.
Near McCarthy a soil was examined on a broad portion of a glacial

stream terrace. The soil area is roughly triangular, about 3 miles
across, and about 200 feet above the alluvial bottom land of McCarthy
Creek. A profile was dug on the nearly flat top of the terrace under
a cover of aspen, a few poplars, buffaloberry, willow, Labrador-tea,
crowberry, and a few lupines. The vegetation suggests a second
growth of trees after disturbance by cutting or fire.

[44] Subarctic Brown Forest

:

Ao. 2 to inches, dark reddish-gray organic mat containing mycorrhiza
mycelium and many live roots. (SYR 4/2.)

Ai. to 1^ inch, humus soil : not sampled.
B. 1/4 to 11 inches, brown gravelly sandy loam : weakly developed crumb

structure; very friable; many roots. (lOYR 5/3.)

C. 11 inches -\-, loose mixtures of coarse gravel and sand of mixed composi-
tion. (Brown : lOYR 5/3.)

The data shown in table 11 are characteristic of those expected from
Subarctic Brown Forest soils in this general area.

A soil was examined about % mile northeast of the abandoned
mining village of McCarthy on a low^er bench, which is about 3 miles

long and 4 miles wide and some 50 feet above the level of the alluvial

bottom land. When the mines were operated, the soil on this bench
was known to produce good crops of hay. The examination was made
in one of the old meadoAvs that had become covered with fireweed.

bluetop, wild rose, willow, and dwarf dogwood during some 15 to 20

years of idleness.

[36] Subarctic Brown Forest (once cultivated) :

Ap. to 8 inches, dark reddish-brown and dark yellowish-brown loam

;

many roots; weakly developed crumb structure; friable. (Dark
g]-ayish brown : 10 YR 4/2.)

B. 8 to 16 inches, dark-gray loam ; many roots ; weakly developed fine

l)locky structure; slightly cemented when dry. (Dark gravish-
brown: 10YR 4/2.)

C. 16 inches +, very dark-gray and brown loose medium sand with some
gravel, containing many dark-colored minerals.

The data in table 11 indicate a soil fairly rich in calcium and only

slightly podzolized.

A weakly developed Subarctic Brown Forest soil derived from sandy
alluvium was examined near Copper Center Airport. It is located

on a low cross-bedded terrace in the floodplain of the Copper River.

The field was cleared many years ago. It is the site of the Copper
River Experimental Station long since abandoned. The vegetation
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near the field consists clominantly of aspen and willow, along with
many small sprnce. A profile was made in the old open meadow.

[43] Subarctic Brown Forest (once cultivated) :

Ap. to 6 inches, dark grayish-brown loamy very fine sand ; weakly
developed fine granular structure ; very friable ; numerous grass
roots. (10YR4/2.)

B. 6 to 13 inches, yellowish-brown and light-gray loamy fine sand ; weakly
developed fine granular structure; slightly compact in place, but
loose when removed. Grass roots are concentrated in this layer.
(Dark grayish brown : lOYR 4/2 to 2.5Y 4/2.)

C. 13 to 24 inches, dark-gray loose interbedded loamy fine sands and fine
sands of mixed mineralogical composition, but containing many dark
minerals. The sand becomes coarser with increasing depth.
(lOYR 4/1.)

The data in table 11 are very similar to those for the Subarctic
Brown Forest soils in the McCarthy area.

Matanuska Valley.—Subarctic Brown Forest soils are the domi-
nant upland soils in the settled part of the area. Several examples were
studied northwest, south, and west of Palmer. Generally, the area

is a plain, billowy in places, with some sharp short slopes. The soils

are developed from a young relatively deep deposit of silty very fine

sand, blown up out of the broad, braided bed of the glacier-fed Mata-
nuska Kiver flowing from the northeast. For a few hundred yards
from the river bank, the material is quite sandy—rich in medium and
fine sand—and many feet deep (fig. 28). But beyond, it lies about

4 to 6 feet deep over old alluvial cobbles and gravel. Gradually to

the west it thins out. On some of the steep slopes near the river it

is thin.

'X^.'

Figure 2s.—A cut showing the banded wind-blown sandy matei )nly a lew

hundred yards from the escarpment of the Matanuska River bed.
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Apparently vegetation was on the land most of the time while the

wind-blown material was being deposited. Sticks, logs, and other
organic materials are buried in it. The section shows banding with
brown and dark-brown colors, because of the uneven deposition and
content of buried organic matter (fig. 29) . The process is continuing
even now. Thus, even if podzolization were the dominant soil-form-

ing process, as we believe it to be. the additions of fresh minerals keep
the soil too high in bases for podzolization to make headway. Farther
west, however, where the covering thins out to a few inches, fairly

well-developed Podzols are found. A large area of characteristic

Podzol was seen about 5% miles southwest of AYasilla. developed on
an undulating to genth^ rolling terrace with a covering of loamy very
fine sand about 12 inches thick over cobbles. Xearer Wasilla, some
weakly developed Podzols may be seen.

The distinction between the Subarctic Brown Forest soils and Pod-
zols is very important to agriculture. Generally, the former are

"deeper" -° to the cobbles, but even with the same total thickness of
fine material, the Subarctic Brown Forest soils are far superior to

the Podzols for crops. The relatively high productivity of the Sub-
arctic Brown Forest soils may mislead some to overrate the produc-
tivity of other soils having about the same relief, drainage, and cli-

mate and native cover, unless all the characteristics of the soils are

carefully examined.
Several examinations were made in both cultivated fields and under

the undisturbed natural cover. In making comparisons between vir-

gin and cultivated soils, one must always recall the great changes

brought about by clearing and tillage. The natural cover, especially

the surface mosses, and the organic layers insulate the soil against

the sun. Temperatures are far higher in the fields. AVith cultiva-

tion, the fluffy surface horizons become more compact. Thus, the

depth to cobbles and gravel of a cultivated soil may measure consid-

erably less, from the surface of the A^ horizon^ than a similar virgin

soil, not counting organic layers 4 to 8 inches thick above the Ai in

virgin soils.

The Bodenburg very fine sandy loam was examined on the Johanson
farm -^ northwest of Palmer. The soils have a billowy relief (fig. 30)

and are developed from 3 to 4 feet of wind-blown silty very fine sand
over cobbles. The profile described below is under a thick stand of

white birch and white spruce, 25 to 30 feet tall, with an undergrowth
of red currant, horsetail, fern, dwarf dogwood, bluetop, and del-

phinium. Drainage is a bit less free than that characteristic of the

typical Subarctic Brown Forest.

-° In this area, farmers rightly give great emphasis to "depth of soiL" They
mean, of course, depth to the gravel and cobbles, not depth of solum. Within
the group of Subarctic Brown Forest soils, the distinction is useful ; but, like

any other single soil characteristic, it has a different significance among Podzols.
Even though a Podzol soil may be quite "'deep" over cobbles, it does not follow
that it is responsive to management for crops.

'' SWi^SWi^ sec. 19, T. 18 N., R. 2 E.
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[27] Subarctic Brown Forest

:

Ao 0. 31/i to 2 inches, dark-brown and grayish-brown mat of mosses and
fresh leaves. (7.5YR 3/2.)

Ao. 2 to inches, dark reddish-brown partially disintegrated organic matter
containing many live roots ; weakly developed crumb structure.

(SYR 3/2.)

Ai. to % inch, dark-brown humus soil.

BG. 1/4 to 4 inches, variegated light-gray, reddish-brown, and dark reddish-
brown very fine sandy loam ; fluffy ; many roots ; a moderate amount
of organic matter.

CG. 4 to 20 inches, grayish-brown very fine sandy loam, mottled with gray
and yellowish-brown; slightly compact in place, but very friable

when removed; few roots. (Grayish brown: 10YR 5/2)
C. 20 inches +, mottled light yellowish-brown, light grayish-brown, and

light-gray very fine sandy loam, breaking abruptly at 40 to 48 inches
to water-sorted cobbles and gravel with some sand.

Strictly, according to the data in table 12, the soil conld be placed

in the silt loam class; bnt the low content of clay and high content

of coarse silt give it the field properties of a very fine sandy loam.

The clay content is even lower than that of the comparable soil [8]

near Fairbanks. The particle-size distribution suggests also that the

soil is young. The low pH and low percentage of base saturation in

the upper part of the mineral soil might suggest strong leaching and,

perhaps, a start toward podzolization.

The values for available phosphorus show the effects of the plants.

The carbon-nitrogen ratio is w^ide—25 to 1 in the Aoo and down to 19

to 1 in the lower part. The data for minor elements suggest neither

excesses nor deficiencies. Exchangeable manganese and potassium

are low, but not so low as in other soils.

Another example of Bodenburg very fine sandy loam with smooth
relief and slightly less well drained than typical was examined on
the Anderson farm ^^ west of Palmer. The field was cleared of

poplars, spruce, and white birch 11 years earlier, broken, and seeded

to pasture the following year. When examined in 1946, the field was
still used for pasture and had a mixed stand of bluegrass and brome-

grass.

[29] Subarctic Brown Forest (cultivated) :

Ap. to 7 inches, dark grayish-brown very fine sandy loam ; weakly de-

veloped soft crumb structure ; friable
;
grass roots abundant. ( lOYR

4/2.)

BG. 7 to 14 inches, mottled gray and yellowish-brown very fine sandy loam

;

weakly developed platy structure ; compact in place, but friable

when removed ; many grass roots. ( Grayish brown : 2.5Y 5/2.

)

CG. 14 to 20 inches, yellowish-brown and gray very fine sandy loam ; weakly
developed platy structure; slightly compact in place, but very fri-

able when removed. (Grayish brown: 2.5Y 5/3.)

The data in table 13 suggest a fairly high base status and low con-

tents of exchangeable manganese and potash.

Still another example of Bodenburg very fine sandy loam was
sampled south of Palmer on the Falk farm (fig 31).^^ The surface

'NW14 sec. 9, T. 17 N., R. 2 E.
'' SE^d sec. 15, T. 17 N., R. 2 E.
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Figure 21J.—Soil in-ofile in Bodeiiljiirg very fine sandy loam, a few miles west of

Palmer. This is the most responsive soil iu the Matanuska Valley. Note
the banding due to different amounts of organic matter related, in turn, to

variations in deposition of wind-blown material out of the Matanuska River
bed. The soltim is only about 18 inches deep ; but the whole mass of fine

material rests on cobbles at about 5 feet.
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is gently undulating with some microrelief resembling the "cradle

knolls" of the northern Lake States. This field was cleared several

years ago after a period as woodland pasture. It carried a crop of

oats and peas in 1946.

[34] Subarctic Brown Forest (cultivated) :

Ap. to 10 inches, darli-gray very fine sandy loam ; weakly developed crumb
structure ; very friable. ( lOYR 5/1 to 5/2.

)

Bi. 10 to 15 inches, dark-gray very fine sandy loam, slightly mottled with
yellowish brown ; weakly developed crumb structure ; slightly com-
pact in place, but friable when removed; roots abundant. (lOYR
5/1.)

B2. 15 to 22 inches, dark-gray and yellowish-brown very fine sandy loam

;

weakly developed platy structure ; compact in place, but very friable

when removed; very few roots. (Grayish brown: 2.5Y 5/2.)
C. 22 to 27 inches, dark grayish-brown very fine sandy loam. In the deeper

part are seams rich in partially decomposed organic matter from
largely woody roots. (2.5Y 4/2.)

The data in table 13 on this soil are similar to data for the others,

except for somewhat more available phosphorus. Exchangeable
potassium and manganese are low ; calcium is abundant.
A sandy Subarctic Brown Forest soil was examined on the east side

of the village of Palmer along the high bank of the Matanuska River
on the Scherrod farm.^^ Here the wind-deposited covering over the
cobbles is coarser and deeper. A profile was examined in a field

cleared 2 years earlier of poplar and white birch trees, 25 to 35 feet

tall, plowed and left in fallow for seeding in 1947 to potatoes and
other vegetable crops. When sampled, parts of the loose surface soil

were shifting in the wind.

[28] Subarctic Brown Forest (sandy, cultivated) :

Ap. to 9 inches, dark grayish-brown loamy fine sand ; loose ; many roots.

The soil contains quite a bit of organic matter from stumi:)s and
roots. (10YR4/2.)

Bi. 9 to 15 inches, grayish-brown loamy fine sand ; slightly compact in place,

but loose when removed. This soil also contains quite a bit of

coarse organic matter from stumps and roots. (2.5Y 5/2.)

C. 15 inches -f-, grayish-brown to olive-gray loamy fine sand, slightly mottled
with light yellowish brown ; loose. (2.5Y 5/2 to 5Y 5/2.)

Both the morphology and the data in table 13 suggest a very weakly
developed soil. Perhaps some slight illuviation is just starting.

A soil developed on a gently undulating glacial outwash plain from
very fine sands over mixtures of sand and gravel was examined 5%
miles northwest of Palmer on the Kircher-Menck farm.^^ The field

was cleared of trees in 1936 and seeded to oats and peas every year
since, except for 4 years when it was used for potatoes. When sampled,
July 25, 1946, the stunted oat plants were light green and pale yellow.

[31] Subarctic Brown Forest (cultivated) :

Ap. to 7 inches, light olive-brown very fine sandy loam ; weakly developed
crumb structure; many roots. (2.5Y 5/3.)

B. 7 to 12 inches, light yellowish-brown very fine sandy loam ; slightly com-
pact in place, but friable when removed ; very weakly developed
blocky structure; slightly cemented when dry; many dark specks
and many roots. (lOYR 6/4 to 5/4.)

SEV4SW14 sec. 28, T. 18 N., R. 2 E.
NW14SW14 sec. 26, T. 18 N.. R. 1 E.

892183°—51 6
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CD. 12 to 19 inches, light yellowish-brown and dark-gray mixtures of sand
and gravel of mixed composition, containing many dark pebbles.

The data in table 13 are similar to those for the other soils with
better crops. Possibly nitrogen was too low for good crops.

Figure 30.—Bodenbnrg very fine sandy loam, the dominant Subarctic Brown
Forest soil near Palmer in the Matanuska Valley. A. Potato field, with
characteristic billowy relief. B, Field of small grain in the foreground:
native forest of white birch and white spruce in the background (site

saiuple 27).
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Figure 31.—North of Bodenburg Butte. Wheat on Boclenburg very fine sandy
loam—a Subarctic Brown Forest soil.

Table 13.

—

Analytical data for 4 cultivated Subarctic Brown Forest

soils in the Matanuska Valley

CHEMICAL ANALYSES

Soil and horizon

Soil 29:

Ap-
BG
CG

Soil 34:
Ap-
Bi_.
B2-
C__

Soil 28:

t:
C__

Soil 31:
Ap-
B_.
CD

Exchangeable cations (m. e./lOO gm.)
Base

Depth pH satu-

H Ca Mg K Mn Sum ration

Per-
Inches cent

0- 7 6.5 9. 13. 7 2. 9 0. 2 0.04 25. 8 65
7-14 6. 3 8. 3 8.9 2. 3 . 1 0) 19.6 58
14-20 6. 4 8. 7 7.6 1.8 . 2 0) 18. 3 52

0-10 5. 7 14. 9 16.2 3.0 .2 .07 34.4 57
10-15 6. 4 5.2 10.4 1.6 . 1 .01 17. 3 70
15-22 6. 6 4. 8 8. 7 1. 2 . 1 0) 14.8 68
22-27 6. 6 6.7 12. 1 1. 7 . 1 .01 20.5 67

0- 9 6. 6 3. 4 14. 2 1. 5 .6 .03 19.7 83
9-15 6.9 3.5 12. 5 1. 1 .3 .02 17. 4 80
15+ 6.9 2. 1 10.6 1. 2 . 3 .01 14.2 85

0- 7 6.0 12.4 8. 1 2. 1 2 .03 22. 8 46
7-12 6. 1 8.4 6. 1 2. 1 . 1 .01 16. 7 50
12-19 6. 3 2. 4 2. 3 .8 . 1 {') 5. 6 57

Avail-

able
P

P-
•I.

31
20
18

24
100
37
42

72
42
86

1 Trace.
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BOG SOILS

Both large and small areas of Bog soils are found throughout Alaska
in the lowlands and, in seepy places, even on rather strong slopes with
underlying permafrost or rock. They are somewhat less widespread
in the cold Arctic remon and the high mountains.
Bog soils consist chiefly of organic matter, more or less decomposed.

The relatively raw material is called peat^ and the relatively decom-
posed organic matter developed from peat, usually higher in ash con-

tent, is called muck.
Over much of Alaska, Bog soils are locally called muskeg. This

same term is often used in Canada, and even in the northern Lake
States, for relatively open areas of wet land covered with dwarf heath
shrub, moss, and sedge, or even combinations of shrub, moss, and sedge
with scattered scrubby trees. Generally, in the mainland of the

United States, Bog soils are called peat or muck, depending upon the

degree of decomposition and ash content of the surface layers. In
parts of Alaska, the term "muck" has long been used by miners for

layers or beds of silty organic matter, like the upper sola of Tundra
soils, and for the silty organic residues in placer mining.

Bog soils develop where the remains of plant growth have accumu-
lated because of the very slow rate of their decomposition in relation

to that of their formation. The extreme wetness, and consequent lack

of oxidation, may be due to simply poor external drainage, as in lakes

or ponds. Some closed basins are wet all or part of the time. Grad-
ually, these become filled with peat, first that produced from small

plants in open water, and finally that from the higher plants—sedges,

shrubs, and trees. Other conditions may also produce a similar satu-

ration or near saturation with water. Impervious rock, permafrost,

or clay layers prevent free drainage and may hold water in the soil.

These effects are also related to precipitation. Where rainfall is

abundant and evaporation low, a soil may be kept nearly saturated

with water for long periods, even on fairly strong slopes.

Commonly, peat begins to form in closed basins and keeps on ac-

cumulating in a moist region until the surface is actually raised above
the general level. Such "high moors'' are common features in the

Podzol regions. Usually, the water table fluctuates considerably dur-

ing the year and the peats are acid and low in minerals. The princi-

pal source of water is the rain falling directly on the area. In very
cool, moist places, similar plants may cover rocky slopes.

The mineral matter in Bog soils comes partly from the remains of
the plants themselves—minerals they extracted from the soil and
water during growth—and partly from fine particles, dropped as

volcanic ash, blown in by the wind, or washed into the area by water
from surrounding land. Bog soils in closed basins with fluctuating

water tables ordinarily are much lower in mineral matter than those

along streams, especially if the streams occasionally overflow and
have a fair supply of minerals in the water.
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Climate.—Bog soils may be found in every climate, even in the

desert if streams bring in water that gets perennially ponded. But
they are most common where rainfall is plentiful, and especially

where rainfall is abundant in relation to evaporation. With the ex-

ception of a few special basins, like the Pontine Marshes, the Florida

Everglades, and Dismal Swamp, Bog soils are most common in the

humid cool-temperate or subarctic regions, partly because of the

nearly continuous moist conditions favoring peat formation and
partly because of the relatively youthful landscapes having many
basins in which drainage has not yet been developed.

In Alaska the very moist cool Pacific coastal climate between Ketchi-

kan and Juneau, and northwest along the coast, is especially favorable

to the formation of Bog soils. In this area they are formed on slopes

that would be well or even excessively drained in the region of Gray-
Brown Podzolic soils. Such Bog soils in Scotland have been called

climatic moors {10). Deep peats (more than 10 feet) are not com-
mon in the cold arctic climate where rainfall is not high, nor in the

high mountains where temperatures are very low and the growing
season is exceedingly short.

Vegetation.—The succession of plants from ponds to quaking mats,

and finally to relatively dry land, was listed in the discussion of

Tundra soils. Following the quaking mats, sedges, mosses, reeds,

grasses, shrubs, and finally trees may invade the peat areas. The
present cover of a Bog soil usually does not indicate the plants that

contributed most to the underlying peat.

The authors examined only a few Bog soils, and these more or less

incidentally. Dachnowski-Stokes had already examined some of the

Bog soils in Alaska, more especially those having promise for ex-

ploitation, not for farming, but as sources of commercial peat {8).

He has reported examinations of the botanical composition.

Alaska has many types of Bog soils, part of which are similar to

those in the northern Lake States. The raised bogs, or high moors,

common in northern Europe are also conspicuous in Alaska. These
are large basins or flats filled in or covered with Sphagnum mosses
and then built up to considerable height near the center. The moss
peats are very low in mineral plant nutrients. Near the center the

growing mosses get few nutrients besides those in the rain water
and the peat beneath. They are found in the southern coastal areas

and in the interior as well (fig. 32).

Matanuska Valley.—Bog soils occur in this agricultural area.

Some of these may possibly be useful for pasture or the material useful

in compost making.
About 4 miles south of Wasilla a pit in a Bog soil was examined.

From it farmers had hauled peat for use on cultivated soils in order
to increase the amount of organic matter. The material is fairly well
decomposed, partly because a nearby stream had deepened its channel
and improved the drainage. Where sampled, the land had been
cleared, and below 3 to 5 feet the soil was frozen August 5, 1946. A
few yards away, under the natural cover of spruce, dwarf birch,
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heath shrubs, and mosses, the soil was frozen at onl}- 12 to 18 mches.

Bog soil

:

to 18 inches, light yellowish-brown raw moss peat, with some woody
materials : spongy and fibrous.

IS to 30 inches, dark reddish-brown (mainly), mixed sedge and woody
peat, with a few silty seams ; moderately well disintegTated. ( 5YR 3/3.

)

30 to 36 inches, dark reddish-brown woody peat, with some sedge peat

;

granular and fairly well disintegrated; frozen, August 5. (5YR 3/2.)

The two lower layers are examples of fen peat resultmg from a
luxuriant growth of sedges, grasses, and woody plants well supplied
with nutrients. The upper layer is mainly from Sphagnum mosses
and low in plant nutrients. Examinations in the laboratory showed
that the peat is fairly well supplied with lime. Considering its

physical condition, the decomposed material should serve well in

compost or as a soil conditioner.

Figure 32.—Stunted black spruce on deep, raw Sphagnum peat ("high moor")
south of Livengood.

Near Wasilla Lake the soil was examined under a nearly open
grassy swamp of bluetop, Carex, small willows, and moss. The surface

is well covered with a thin layer of partially burned moss, mostly
Sphagnum.

Bog soil

:

to 5 inches, very dark brown loose mat of roots and fibrous peat.

5 to 10 inches, dark grayish-brown fibrous peat.
10 to 48 inches, dark brown partly decomposed fibrous peat, with some

remains of reeds, wood, and small lenses of moss peat and silt ; frozen
between 18 and 22 inches, August 5.

48 to 60 inches -f, light grayish-brown marl; about 75 percent calcium
carbonate.
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Anchorage Area.—Bog soils in various stages of development are
prominent in the Spenard Lake area southwest of Anchorage, where
they are associated with sandy Podzols. One was examined under
a thick cover of dwarf shrubs including many heaths {Ledum^
Andromeda^ and Kalmid)^ a gale {Myrica)^ dwarf birch, crowberry,
a Rubus^ and a few sedges, particularly cottongrass. A few stunted
spruce were scattered over the area.

Bog soil (Greenwood peat) :

to 12 inches, mixed living and dead Sphagnum and many roots and root-

stocks from woody plants and sedges.

12 to 40 inches, reddish-brown and yellowish-brown fibrous sedge peat ; very
slightly decomposed ; spongy ; matted ; frozen in the lower part, July 10,

40 inches +, dark-brown moss peat grading into sedimentary peat.

The pH from the surface to a depth of 40 inches is below 4.5. The
soil is like Greenwood peat, a type of Bog soil common in the northern
Lake States. It is the rawest of the Bog soils in these States and is not
recommended for agricultural use.

HALF BOG SOILS

Half Bog soils are one of the most widespread of intrazonal soil

groups in the interior of Alaska and are associated with both Podzols
and Subarctic Brown Forest soils. They occur with Tundra soils and
have many characteristics in common with them.
Half Bog soils consist essentially of thin peaty or mucky horizons,

up to a foot or so thick, over gray soil (gley) that is wet all or a large

part of the time. They are developed in poorly drained situations but
have a shallower peaty surface than Bog soils. Ideally, at least, the
sola of Bog soils are developed from organic matter and those of Half
Bog soils are from both organic and mineral matter. The wet Alluvial
soils lack the dark-colored organic-rich surface horizons. With time,

the organic layers develop thickly enough to make them Half Bog
soils. Foorly drained soils with thin organic surface layers but with
well-developed gray layers (gley), have recently been separated in the
mainland of the United States as Low-Humic Gley soils (25) . Some
at least bordering on this group are included with the Half Bogs in
this report.

Many Half Bogs have developed over stratified mineral deposits of
local or general alluvium.

Climate.—Half Bog soils are found under all climates in Alaska
where plants grow.

Vegetation.—The common cover on Half Bog soils in the interior

of Alaska consists of sparse to medium stands of scrubby white and
black spruces and an understory of dwarf birch and dwarf heath.
Willow and alder are dominant on some soil types, and larch trees

on others. Commonly, the ground cover consists of mosses and lichens
along with dwarf heath shrubs and a few horsetail. Some areas have
fairly open stands of sedges, grasses, and dwarf shrubs.
The plants on the well-drained associates of the Half Bog soils es-

pecially those on the Subarctic Brown Forest soils, are able to in-

vade and become established on the Half Bog. Then too, the black
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spruce and its associates, common on the Bog soils, invade the Half
Bog soils.

Fairbanks Area.—Several Half Bogs on alluvial bottom land and
low terraces in the lower Xanana Valley and in the Chena Slough are

included. Subarctic Brown Forest soils occupy the better drained ter-

races and valley slopes, and Bog soils the wetter ponded areas. Both
virgin and cultivated soils are reported. In clearing, much of the

surface organic matter may be burned. More of it disappears under
cultivation.

On the Creamer farm in the Chena Slough northwest o^ Fairbanks,

a Half Bog was examined under natural cover and in a cultivated

field. This soil is a little less wet than modal Half Bogs and may be
said to approach the Subarctic Brown Forest. The native plant cover

is a thin stand of spruce, 3 to 15 feet high, underlain by a thick stand
of dwarf heath, mainly Labrador-tea, blueberry, and mosses. On July

1, 1946, frozen soil was reached at 16 inches. Just above it, the soil

was Avet and mushy.

[4] Half Bog soil

:

Ao. 3 to inclies, dark yellowish-brown raw moss peat containing woody
roots and leaves of heath plants. (Very dusky red: 2.5YR 2/2.)

Ai. to 2 inches, very dark brown very fine sandy loam, rich in organic
matter ; weakly developed fine crumb structure ; a great concen-
tration of roots ; a few worm casts and tiny bits of charcoal.
(7.5YR3/2.)

Gil. 2 to 6 inches, grayish-brown very fine sandy loam, horizontally inter-

bedded with very dark brown and reddish brown ; weakly devel-

oped fine platy structure : compact in place, but easily friable when
removed; few roots. (lOYR 5/2.)

Gi 2. 6 to 12 inches, mottled gray and yellowish-brown very fine sandy loam

;

weakly developed fine platy structure ; highly micaceous ; occa-
sional roots in cracks. (lOYR 5/2 to 6/2.)

GC. 12 to 16 inches, light-gray very fine sandy loam, slightly mottled with
yellowish brown ; compact in place, but easily friable when re-

moved ; very wet and cold. (lOYR 6/1 to 6/2.)

16 inches +, like layer above, but frozen hard.

The data in table 14 suggest a high base status despite the strongly
acid organic surface. The carbon-nitrogen ratio in the upper mineral
soil is wide, about 23 to 1, but is narrower beneath.

The soil was examined in a cultivated field east of the woods. The
field was broken and cleared in 1910 and used for oats every year to

1928, for oats-ancl-peas imtil 1932, for bromegrass until 1935, and for

oats-and-peas since. A light application of manure was made in

1936, but no commercial fertilizers have been used. Apparently, crops
have not suffered from poor drainage.

[3] Half Bog soil (cultivated) :

1. to 7 inches, dark grayish-brown fine sandy loam, mottled with yellowish
brown and yellowish red : weakly developed crumb structure ; very
friable ; many roots. ( lOYR 4/2.

)

2. 7 to 10 inches, dark grayish-brown very fine sandy loam, mottled with
yellowish brown and yellowish red ; weakly developed crumb struc-

ture ; verv friable; micaceous; some charcoal; many grass roots.

(10YR4/2.)
3. 10 to 15 inches, highly mottled yellowish-brown, gray, and very dark-

brown very fine sandy loam ; weakly developed thin platy structure

;

many grass roots ; some horizontal lenses of organic matter, gen-
erally less than 1 inch thick. (lOYR 5/2 to 5/3.)
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4. 15 to 20 inches, light grayish-brown loamy very fine sand, faintly mottled
with yellowish brown ; compact in place, but easily friable when
removed; weakly developed fine platy structure. (lOYR 6/1 to

5/2.)

5. 20 to 29 inches, light-gray very fine sandy loam, mottled with pale yellow
and yellowish brown ; micaceous ; weakly developed platy struc-

ture. (10YR6/1.)
6. 29 to 33 inches, light-gray loamy fine sand, mottled with light yellowish

brown ; laminated, with occasional roots between laminations.
(Gray:10YR5/lto6/l.)

7. 33 to 44 inches, light-gray and pale-yellow very fine sandy loam, with
many very dark-brown spots ; laminated ; highly micaceous. (lOYR
6/1 to 6/2.)

8. 44 to 53 inches, loose mixtures of gray medium and fine sand, high in

ferro-magnesium minerals ; laminated ; moderately moist but not
frozen.

The data in table 14 indicate changes with cultivation from the soil

previously described. Total organic matter has decreased, and that

left is mixed into the surface horizons to 15 inches. Stratification of

the original material is obvious.'

Table 14.

—

Analytical data for several Half Bog soils

Chemical Analyses

Soil and horizon Depth PH

Exchangeable cations
(m.e./lOO gm.) Base

satura-
tion

Avail-
able
P

Nitro-
gen

Organ-
ic car-

H Ca Mg K Mn Sum
bon

Soil 4;

Ao
Inches
3-
0- 2

2- 6

6-12

12rl6

0- 7
7-10
10-15
15-20
20-29
29-33
33-44
45-53

2-
0- 2

2- 7

7-13
13-23

4-
0- 4
4-14

0- 3
3-12

0- 9
9-15

4.7
6.2
7.0
7.9
8.1

6.4
6.4
7.1
8.0
8.1

8.3
8.2
8.3

Percent P.p.m.
98
7

18

18

7

62
19

50

26
4

9

2
14

496
117
94
106
123

Percent Percen

Ai 19.3
4.5
.9

1.1

5.1

8.8
3.1

.6

.4

.1

.1

50.9
21.5
8.3
11.5

9.8
20.2
13.7
6.7
13.6
9.7
13.7
4.0

6.5
2.3
.7

1.0

2.0
3.1

1.7
. 7

1.1

.8
1.4

.5

0.4
.2

2
'.2

.4

.1

.1

.2

.2

.1

.2

.1

0.23
.04
.02
.03

.04

.04

.01

.02

.04

.04

.07

.03

77.3
28.5
10.1

13.8

17.3
32.2
18.6
8.2
15.3
10.6
15.5
4.7

75

84
91

92

71

73
83

93
98
100

99
99

0.51
.17

.03

.05

.18

.27

.12

.02

.03

.01

.04

11.6

G„
Gi2
GC

2.9
0.5
.63

Soil 3:

1 3.23

2 4.92

3 1.75

4 .33

5

6

.64

.36

7 .60

8 .17

Soil: 6:

Ao
Ai
Gi
G2

4.1

7.3
7.8
8.0

5.7
5.8
6.7

5.9
5.4

5.3
5.4

47.6
2.6
1.9

1.1

37.7
36.2
5.9

36.7
11.5

47.5
15.0

16.4
8.2
9.2
7.4

46.1
41.0
13.6

28.8
9.5

29.6
8.3

4.4
3.7
4.2
3.3

18.3
17.6
8.0

3.4
1.4

3.4
1.1

.8

.1

.1

.2

.4
2

.1

.8

.1

1.3

.2

.01

(0
(')

(')

.71

.15

.02

.73

.09

.51

.07

69.2
14.6
15.4
12.0

103.2
95.0
27.6

70.4
22.5

82.3
24.6

31

82
88
91

63
62

79

48
49

42
39

.87

.02

.03

.03

15.80
.60
.46

C
Soil 21:

Ao
A,
G

.29

Soil 16:

Ao
G

Soil 16B:
Ao
Q

I Trace.

A Half Bog soil on the McGrath farm was examined at the upper
end of a drainageway leading into the valley bottom land. Only a

little of this soil has been used for crops other than pasture and hay.

The profile next described was made on a slope of about 2 percent
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under a second growth of sprnce, white birch, and aspen trees and a

low cover of bhieberries, Labrador-tea, mountain cranberry, dwarf
dogwood, and Sphagnum mosses.

[6] Half Bog soil:

Ao. 2 to inches, very dark-brown and dark yellowish-brown organic mat;
many roots. (lOYR 3/2 and 4/4.

)

Ai. to 2 inches, black very fine sandy loam, rich in humus ; moderately
developed fine granular structure : a great concentration of roots.

(Very dark brown : lOTR 2/2.)

Gi. 2 to 7 inches, olive-brown very fine sandy loam, mottled with light

yellowish brown and yellowish red ; weakly developed fine platy
structure ; compact in place, but very friable when removed ; very
wet and cold on July 10. (Light olive brown : 2.5Y 5/4.

)

G2. 7 to 13 inches, highly mottled olive-gray, yellow, and reddish-brown very
fine sandy loam ; weakly developed platy structure ; compact in

place, but friable when removed ; wet and cold on July 10. ( Grayish
brown :2.5Y 5/2.)

C. 13 to 23 inches, pale-yellow very fine sandy loam : slightly laminated ; wet
and cold. ( Grayish brown : 2.5YR 5/2 to 5/3.

)

23 inches -f, frozen on July 10.

The data in table 14 indicate good sup2:»lies of calcium despite the

strong acidity of the surface layer. Exchangeable manganese is very
low. The vegetation has had an obvious influence.

Examinations of a Half Bog soil were made under the native cover

and in a recently cleared field on the Bentley farm about I/2 mile north-

east of Fairbanks on the same low terrace as that reported under soils

[3] and [4:] (fig. 33.) The native cover consistecl of a moderately
thick stand of spruce, 3 to 20 feet high, along with a few aspen and
willow, and an undergrowth of blueberry, Labrador-tea, crowberry,

mountain cranberry, and many mosses and lichens. Sphagnum mosses
dominate the ground cover, but Polytrichum and Hypnum mosses are

present.

[18] Half Bog soil

:

Ao. 5 to inches, dark reddish-brown moss peat impregnated with roots of
woody plants and silt particles ; a few bits of charcoal. (Generally
brown : lOYR 5/3.

)

Gi. to 5 inches, gray very fine sandy loam, mottled with pale yellow and
reddish brown ; compact in place, but very friable when removed

;

weakly developed platy structure. (Grayish brown: lOYR 5/2.)

Ci. 5 to 13 inches, gray and light-gray silty very fine sand; verv friable.

(lOYR 6/1.)

C2. 13 to 24 inches +, light-gray and very pale-yellow silty very fine sand;
laminated; micaceous. lOYR 6/1 to 6/2.)

35 inches -f, frozen soil.

The data in table 15 show the dominance of silt and very fine sand,

and the low content of the clay. As with other soils in Alaska, a

slight discrepancy exists between field determination of soil class and
laboratory values. The laboratory data suggest that the Gi horizon

is either a silt loam or a silt, AAdiereas in the field it is judged a very
fiiie sandy loam. The two lower layers are essentially silty very fine

sand, as determined in the field.

The other data are similar to those obtained on other Half Bog
soils. The vegetation has had a great influence on the surface hori-

zons, but the effects do not go deeply.
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FiGUEE 38.—One-half mile northeast of Fairbanks on Half Bog soil. Sample
[18] taken from the woods on the right, and sample [19] from the field on
the left.

Other examinations of this soil were made nearby in a very recently

plowed field. This field was cleared and broken in 1944 and seeded
during the two following seasons to mixtures of oats and x^eas for

hay (fig. 33).

[19] Half Bog soil (cultivated):
Ap. to 7 inches, grayish-brown very fine sandy loam, mottled with light

gray and grayish brown and pale yellow ; very weakly developed
crumh structure, readily friable to a powdery mass ; many par-
ticles of undecomposed dry organic matter. (lOYR 5/2.)

GC. 7 to 13 inches, gray silty very fine sand, lightly mottled with reddish
brown ; compact in place, but easily friable when removed ; mica-
ceous. (lO'YR 6/1.)

C. 13 to 23 inches, gray and very pale-yellow silty very fine sand, strongly
mottled with light yellowish brown ; laminated ; friable ; micaceous.
(lOYR 6/1.)

48 inches +, no frozen layer but soil moist and cold.

Comparing the data given in table 15 for this profile with those of
the virgin profile in the same table, it is clear that Ap of [19] is similar

to Gi of [18], except for a slightly lower amount of organic matter
and slight increase in base saturation with cultivation.

About one-fourth mile west of Standard Station along the Alaska
Railroad a ]Drofile was examined under a thick stand of bluetop in a

small nearly level area on a low terrace. Except for the grassy area
of some 20 acres, the terrace is covered with semiopen stands of spruce
and willow and a thick shrub cover of dwarf birch and heath (fig. 34)

.

[21] Half Bog soil (grading toward Wiesenboden) :

Ao. 4 to inches, black and dark reddish-brown silty mat of roots and
organic matter. (5YR 2/1 to 2/2.)

Ai. to 4 inches, nearly black mucky silt loam.
G. 4 to 14 inches, dark grayish-brown silt loam, mottled with yellowish

brown and reddish brown. (lOYR 3/2.)
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Because of its relatively deep silty organic surface, this soil ap-
proaches the Wiesenboclen. The data in table 14 are similar to those
for the other Half Bogs, except for a slightly higher amount of ex-

changeable manganese.

M^mff-'^i^^^f^' --"^''^'

Figure 34.—Half Bog soil near Standard, with cover of bluetop (site sample 21).

Circle Hot Springs.—An extensive lowland with Half Bog and Bog
soils extends from Circle Hot Springs about 17 miles north to Birch
Creek. Two profiles of Half Bog soils were examined in a meadow,
known locally as the hay flat, near Circle Hot Springs. This meadow
has a characteristic microrelief of low ridges and shallow depressions,

with differences in elevation of about 1 foot. The soil was first ex-

amined on one of the low ridges and in one of the shallow basins. The
plant cover on both sites consisted of sedges and scattered bluetop,

with a dwarf Rubus in the sod on the low ridges.

[16] Half Bog soil (on low ridge) :

Ao. to 3 inches, dark-brown peat and root mat ; some evidence of burning.
(7.5YR 3/2.)

G. 3 to 12 inches +, grayish-brown silt loam, mottled with yellowish brown
and reddish brown; massive; many roots. (Brown: lOYR 5/3.)
(Frost deeper than 30 inches, July 15.)

[16B] Half Bog soil (in shallow basin) :

Ao. to 9 inches, grayish-brown silty soil and reddish-brown fibrous sedge
peat. (lOYR 5/2.)

G. 9 to 15 inches, gray silt loam, slightly mottled with dark reddish brown
and yellowish brown ; massive ; wet. This layer contains fewer
roots than horizon G on the adjacent low ridge. ( Grayish brown

:

lOYR 5/2.) (Frost deeper than 30 inches, July 15.)

The data in table 14 show the soils to be similar despite the differ-

ences in drainage and the better stand of grass on the lower one. The
exchangeable cations are much higher in the peaty mat than in the



90 U. S. DEiPT. OF AGRICULTURE MONOGRAPH NO. 7

underlying gley layer. This is particularly true of exchangeable

manganese, which is usually higher in the organic layers of these soils.

Copper River Basin.—The Half Bogs are the most extensive soils on
this broad flat. They have developed over thick unconsolidated

deposits on flats and in slight depressions. Associated with

them on better drained terraces, near the terrace faces, and in dis-

sected areas are Subarctic Brown Forest soils, while the depressions

and ponded areas have Bog soils.

Along Glen Highway for more than 30 miles west of its junction

with the Richardson Highway, and extending some 50 miles to the

north, is a broad, flat, poorly drained, lake-dotted plain of thick un-

consolidated deposits. The most extensive soils on this broad plain

are Half Bogs. Near Glen Allan, at a milepost 175 miles from
Anchorage, this soil was examined under a thin to moderately thick

stand of scrubby black spruce, a dwarf shrub cover of Labrador-tea

and crowberry, and a ground cover of Sphagnum mosses, lichens, and
mountain cranberry (fig. 35)

.

[35] Half Bog soil:

Ao 0. 5 to 1 inch, dark reddish-brown and dark yellowish-brown raw peaty
mat. (2.5YR2/4.)

Ao and Ai. 1 to inch, black, mixed, moderately decomposed peat and silt

loam, impregnated with roots. (Very dnsky red : 2.5YR 2/2.)

G. to 6 inches, gray silty clay loam, slightly mottled with yellowish brown
and reddish brown ; massive

; plastic when wet ; few pebbles ; cold
and wet on July 30. (lOYR 6/1.)

GC. 6 to 12 inches, gray clay loam ; massive
; plastic when wet ; cold and

wet. (10YR6/0to6/l.)
20 inches-f, frozen hard.

The data in table 16 show that the parent material has a high base

status and is alkaline in reaction, like that of associated Subarctic

Brown Forest soils. Soil-forming processes have decreased the base

status a little.

From Glen Allan to Copper Center and south along the Richardson
Highway to its intersection with Edgerton cut-off leading to Chitina,

terrace faces of the Copper River Basin are conspicuous and consist

generally of a gravelly base at depths of 2 to 3 feet. Along the Edger-
ton cut-off about 3 miles southeast of Richardson Highway, and
several miles south of the Copper River, is a nearly level top of a

terrace less well drained than areas nearer the terrace faces along the

river. Half Bog soils have developed in the large plain between
Willow Creek and Lower Tonsina. The tree cover consists of mix-
tures of spruce, aspen, and other poplars ; in places spruce trees domi-
nate; elsewhere, aspen and other poplars. The soil was examined
where aspen, 15 to 25 feet high, predominate. The undergrowth con-

sisted of a few small spruce, willow, buffaloberry, lupines, and vetch.

[42] Half Bog soil

:

Aoo. 3 to iy2 inches, dark reddish-brown raw organic mat containing bits

of charcoal. (5YR 2/2.)

Ao. iy2 to inches, grayish-brown organic mat impregnated with roots,

(Dark brown: 7.5YR 3/2.)
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Ai. to 2 inches, dark reddish-brown and dark-brown very fine sandy loam,
high in organic matter ; moderately developed fine granular struc-

ture ; friable. (oYR 3/2.)

G. 2 to 8 inches, gray silty clay loam ; massive, with a slight tendency to

blocky structure ; few roots. ( lOYR 5/1 to 6/1.

)

Ci. 8 to 24 inches, gray silty clay loam ; massive ; very w^et and cold on
August 2.

The data in table 16 show that the parent material, like that of other

Half Bog and Subarctic Brown Forest soils in this area, is high in

bases. Soil development tends to increase the acidity and to reduce
the base status.

Homer Bench.—This bench is a broad gently sloping and sloping
lowland fronting Kachemak Bay. The settlement of Homer is located

on it. The bench, excluding the tidal marsh, consists of about 12,000

acres in an area about 1 mile wide and 17 miles long. The lower part
appears to be glacial till, while the upper part is glacial outwash. The
vegetation consists largely of spruce, white birch, poplars, alder,

willow, and elderberry, with many scattered open areas of bluetop,

sedges, and fireweed, besides cultivated fields and meadows. Scat-

tered hemlocks occur in a few places. With recent settlement, much
of the timber is being cleared.

The soils on this bench are variable in both drainage and texture.

Generally, they range from silty clay loams to sandy loams, and from
moderately well to poorly drained. Many are Half Bog soils.

The soils were examined on the Homer Gordon farm, located about
1% miles west of Homer, at the upper valley slope away from
Kachemak Bay and far above tidewater (fig. 36). Most of the soils

are Half Bogs merging into Wiesenboden. Several areas have been
cleared of trees, broken, and used for vegetables and grasses. They
are not adapted to small grains. Soils in both cultivated fields and
under the natural cover were examined. The profile next described

was examined on a valley slope of about 5 percent under a thick stand

of alder and elderberry shrubs and an undergrowth of horsetail and
wild parsnip.

[68] Half Bog soil

:

Ao. 3 to inches, dark grayish-brown organic mat of leaves and roots.

Ai 1. to 4 inches, dark reddish-brown silt loam ; friable ; well-developed soft

granular structure. (S-TR 3/2.)

Ai 2. 4 to 8 inches, dark-brown silt loam ; friable ; moderately developed
granular structure. (7.5YR 4/2.)

GB. 8 to 17 inches, light-gray, mottled with yellowish brown, heavy silt

loam ; moderately plastic when wet, firm when dry ; weakly de-

veloped subangular blocky structure.

GC. 17 to 29 inches, heavy silt loam to light silty clay loam, mottled yel-

lowish brown and gray in about equal proportions ; moderately
plastic when wet ; massive.

The data in table 16 show the soil to be acid although it is well

supplied with bases. This soil is better supplied with bases than the

better drained ones of the uplands.

Half Bogs are the chief soils on the Thorne farm, which is about
2 miles east of the post office at Homer on one of the lower benches. A
profile was examined in a very gently sloping hay meadow, plowed
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FiGUEE 35.—Near Glen Allan. Scrubby growth of black spruce and ground cover
of dwarf heath shrubs on a Half Bog soil (site sample 35).

Table 16.

—

Analytical data for 4 Half Bog soils in southern Alaska

Chemical Analyses

Soil and
horizon

Depth pH

Exchangeable cations
(m.e./lOOgm.) Base

satura-
tion

Avail-
able
PH Ca Mg K Mn Sum

Soil 35:

Aoo
Inches
5 - 1

1 -
0-6
6 -12

3 - 1^2

1^2-0-2
2-8
8 -24

0-4
4-8
8 -17
17 -29

0-4
4-7
7 -14

14 -32

4.3

6.

7.4
7.9

5.8
6.4
6.9
7. 5

7.9

5. 5

5.6
5.7
5. 7

4.9
4. 9

5.

5.2

Percent P. p. m.
69

Ao and
Ai _ 16

G_.___
GC____

Soil 42:

Ao

2. 1

0.0
14.

19.7
3. 1

2.4
0.2
.2

0.01
.03

19.4
22. 3

89
100

137
22

Ao
Ai
G
Ci

Soil 68:

Aii____

Gr_-_:
GC____

Soil 65:

Api____

gbI:::
GC____

8.6
3.

.2

37. 9

27. 6

9.5
7.4

25.6
32. 8
10.8
15.8

37.8
25. 6
26. 1

34. 7
20. 2
12. 1

7. 6

6.9
8. 3
5. 1

8. 1

1.6
6. 9
7. 6

6. 1

3.9
5.6
3.8

3.6
3. 1

3.7
4.2

.5

.4

.3

. 6

.4

.5

. 2

.4

. 5

.3

.3

.04

. 01

. 01

.37

. 11

.01

.01

.02

. 21

.01

(0

48.5
34. 9
34.2

79.7
52. 2

27.7
19.

36.5
44. 9
19.9
28.4

82
92
99

52
47
66
61

30
27
46
44

/////l

1 Trace.
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about 4 years ago and seeded to grasses. At the time of examination,
bluetop was the main grass. The adjacent uncleared soil to the east

was covered with a moderately heavy stand of poplars and spruce.

[65] Half Bog soil (cultivated) :

Ap 1. to 4 inches, dark reddish-brown, mottled with light grayish-brown,
silt loam ; weakly developed soft granular structure ; roots abun-
dant. (Brown; 7.5YR 4/2 to SYR 4/2.)

Ap2. 4 to 7 inches, light yellowish-brown silt loam; weakly developed granu-
lar structure; roots abundant. (Dark reddish gray: SYR 4/2.)

GB. 7 to 14 inches, light grayish-brown silt loam, specked with yellowish
brown; weakly developed subangular structure; many roots.

(lOYR 6/2.)
GC. 14 to 32 inches, mottled gray and yellowish-brown silty clay loam;

weakly developed fine blocky structure.

The data in table 16 show this soil to be more acid and lower in

bases than the one examined on the Gordon farm and reported as soil

[68]. As with many other Half Bog and Tundra soils, hydrogen
dominates the exchange complex.

GROUND-WATER PODZOLS

Ground-Water Podzols are associated with sandy Podzols and Bog
soils. They are developed under the influence of a high and fluctuat-

ing water table, which p)roduces alternating wet and moist conditions
in summer. These soils closely resemble "humus" Podzols ah'eady
mentioned. Good examples of Ground-Water Podzols in Alaska are
in the Cook Inlet Lowlands.

In the Willow Valley east of Willow Station on the Alaska Railroad,
north of Willow Creek at an elevation of about 1,300 feet, an interest-

ing Ground-Water Podzol was examined on a terrace of sandy glacial

outwash. The plant cover, like that on many Bog soils, consists of a

stand of scrubby black spruce and a thick undergrowth of blueberry,

crowberry, mountain cranberry, many species of Sphagnum mosses,

Polytrichum moss, dwarf dogwood, and dwarf Rubus.

Ground-Water Podzol

;

Ao 0. 9 to 5 inches, light brownish-gray peaty mat of living and dead
Sphagnum mosses, roots, and rhizomes. (pH, 8.S.)-"

Ao. S to inches, yellowish-brown raw spongy Sphagnum peat. (pH, 4.0.)

Ai. to 1/^ inch, dark-brown mucky silt; weakly developed fine granular
structure. (pH,4.0.)

A21. % to 2 inches, light grayish-brown loamy very fine sand; weakly
developed fine platy structure ; very friable ; very irregular in thick-

ness. (pH,4.0.)

A2 2. 2 to 2% inches, light-gray loamy very fine sand ; very friable. (pH, 4.0.)

B2 1. 2% to 5 inches, dark reddish-brown fine sandy loam ; weakly developed
fine granular structure : granules soft when moist ; roots abundant.
The soil has accumulated humus. (pH, 4.5.)

B2 2. 5 to 7 inches, reddish-l)rown fine sandy loam ; weakly developed fine

granular structure
;
granules harsh when dry ; very weakly cemented.

B:j 1. 7 to 12 inches, yellowish-red medium to fine sand; weakly developed
platy structure. ( pH, 6.0.

)

B3 2. 12 to 18 inches, strong-brown medium to fine sand.
CG. 18 to 28 inches, light olive-gray loamy fine sand, (pH, 5.5.)

See footnote 19, p. 68.

892183°—51 7
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Figure 30.— (Jiie and uiit'-liali inilt- \\t-i ui HMhiMi: iht- uiiJer valley .slupe from
Kacliemak Bay.

MOUNTAIN TUNDRA AND MOUNTAIN HALF BOG

The authors could devote little time to these soils. Those examined
closely resembled Tundra and Half Bog soils. A few suggest some
features of Ground-AVater Podzols. On the drier slopes, Alpine
Meadow soils replaced the Tundra. The highest elevations have ever-

lasting snow and ice and Lithosols.

Some of these soils may be useful for grazing, where located near
other soils suitable for production of winter feed.

Climate.—Few climatic data are available for the high mountains,
but probably the climate is like that of the Arctic region. The gi^owing
season is very short. Some native herbaceous flowering plants start

blooming much later than they do on lower elevations. Both rainfall

and snowfall vary widely; some parts are wet, whereas other slopes

are comparatively dry.

Vegetation.—The plant cover is similar to that of the Tundra soils.

As on the Tundra soils, some plant species are stunted to prostrate and
matted forms. Immediately above the timber line a shrub cover of

alder, willow, and dwarf birch may dominate, but it soon gives way to

very dwarf shrubs, predominantly heaths, and mosses, lichens, and
sedges. A dwarf species of Betuia. and certain species of Empetrum,
Vacciniiim. and Eriophonim are common. Most of them form acid

organic layers.

12-MiLE Summit.—Above the timber line, at elevations of about 2,300

feet, on the Tanana-Yukon Upland between Fairbanks and Circle, are

large areas of Mountain Tundra and Half Bog soils. These soils were
observed on the top and slopes of a high ridge of micaceous schist. A
profile was examined on a slope of about 6 percent (fig. 4. B) near a

steeper slope where soil flow ( solifluction) had been active. The plant

cover consists of a thick mat of Sphagnum mosses and many lichens.
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along with dwarf birch, dwarf and prostrate willow, blueberry, crow-

berry, a Leduiii^ mountain cranberry, and a few cottongrass sedges.

Caribou were seen grazing nearby.

[14] Mountain Tundra

:

Aoo and Ao. 3 1/2 to inches, dark reddish-brown fibrous moss peat and
living Sphagnum. (Approximately SYR 3/4.)

Ai. to 5 inches, reddish-brown moss peat, moderately well disintegrated

and containing many tough woody roots. (Approximately 5YR
4/4.)

BG. 5 to 10 inches, olive loam, slightly mottled with light yellowish brown

;

contains grit, pebbles, flakes of mica, and many roots. Somewhat
sticky when wet and dries to weak irregular blocks and flakes.

(Grayish brown: 2.5Y 5/2.)

C. 10 to 12 inches, brown loam containing many fragments of micaceous
schist. (lOYR 5/3.)

12 inches +, similar to C, but frozen and containing a greater proportion
of schist.

This soil is developed from a micaceous schist like that under the

Subarctic Brown Forest soil [8] north of Fairbanks ; but the latter had
a thin covering of wind-blown silty very fine sand. The data in table

IT show values for base saturation and exchangeable cations similar to

those for other Tundra soils. Base saturation is low throughout, and
the surface material is exceedingly acid. Available phosphorus, or-

ganic matter, and the carbon-nitrogen ratio decrease with depth. The
carbon-nitrogen ratio in the surface organic mat is very wide.

McKiNLEY Park.—About 6 miles west of McKinley Park Station on
a gravelly terrace, about 3,000 feet in elevation, trees begin to give way
to a continuous shrub cover, except for a few small black spruce. The
soil on this terrace was examined on a slope of about 2 to 3 percent.

It was under a shrub cover of dwarf birch (1 to 2 feet high), willow

(2 to 3 feet high), and stunted blueberry and a ground cover of crow-
berry (dominant), mountain cranberry, mosses (both Sphagnum and
Polytrichum) , lichens, and a few sedges (dominantly cottongrass)

(fig. 37).

[22] Mountain Tundra-Half Bog soil

:

Aoo. 4 to 2 inches, brown living mosses and roots.

Ac. 2 to inches, dark reddish-brown peaty organic mat. (5YR 2/2.)

Ai. to 14 inch, dark reddish-brown humus soil.

G. 14 to 3 inches, olive-gray silt loam, highly mottled with gray and reddish-
brown ; weak subangular blocky structure with a tendency to

platiness ; roots frequent ; micaceous. ( Pale brown : 10YR 6/3.

)

C. 3 to 15 inches, light yellow^ish-brown loam, slightly mottled with light

gray and reddish-brown ; weakly laminated ; highly micaceous, with
many fragments of schist. Grades downward into deep gravelly
loam drift. Permafrost is deep. (lOYR 6/4.)

The data in table 17 indicate that the surface organic layer and the
underlying giey horizon are extremely acid. Base saturation of the

gley horizon is the same as that of the underlying parent material,

but the exchangeable cations are much higher in the overlying gley.

Talkeetna Mountains North or Palmer.—The soils were ex-

amined in a belt immediately above the timber line, at about 2,200 feet,

on a mountain valley slope just north of the Matanuska Valley. The
plant cover consists chiefly of alder, willow, and elderberry shrubs and
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an undergrowth of sedges, horsetail, ferns, bhietop grass, and several

herbaceous flowering plants, notably devilsclub, foxglove, and violets.

The soil described below was examined in a better drained area on a

slope of about 10 to 15 percent.

Mountain Tundra-—Ground-Water Podzol

:

Ao. 3 to inches, dark-brown peaty or organic mat.
A2 G. to 2 inches, gray very fine sandy loam : weakly developed fine platy

structure; very friable; roots abundant.
B2. 2 to 6 inches, dark reddish-brown silt loam ; weakly developed fine gran-

ular structure ; roots abundant. This horizon represents an accu-
mulation of both humus and some ferric iron.

B3. 6 to 18 inches, yellowish-red very fine sandy loam ; weakly developed fine

subangular blocky structure ; compact in place, but very friable when
removed ; few roots.

C. 13 inches +, glacial till of loam texture, dominantly pale yellow ; no roots.

As determined in the field by Soiltex, the Ao G and Bo horizons are

extremely acid (pH, 4), and the underlying B3 is strongly acid

(pH, 5 to 5.5).

This profile is intermediate between Ground-Water Podzol on the

one hand and Tundra and Half Bog soils on the other. Similar
profiles are often encountered on mountain slopes at or above timber
line.

Near this same site are Mountain Tundra and Alpine Meadow soils

lacking the gray leached horizon. These have a remarkably regular
pattern of low mounds some 2 to 7 feet across and 6 to 18 inches high.

Here the slope is around 8 to 30 percent, yet the mounds closely

resemble those on gently undulating Tundra at Cold Bay (fig. 19, A),

^'^

-^' -.

iTf

Figure 37,—Mountain Tundra-Half Bog soil [22], 6 miles west of McKinley Park
Station.
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ALPINE MEADOW

Above the timber line on drier sites and often at greater altitudes,

the Mountain Tundra and Half Bog soils give way to Alpine Meadow
soils. superficiallY suggesting a wet Prairie soil. The matlike cover
of dominantly herbaceous vegetation contains less peat-forming mosses
and heaths than the cover of Tundra and Half Bog soils. The soil

profiles have less well-defined horizons, but some are streaked with
highly contrasting colors.

CJunate.—The climate is similar to that of the Mountain Tundra,
about as cold and about as moist. The soils are generally on steeper

slopes than Mountain Tundra, or on equally steep slopes in positions

where they receive less seepage.

Tegetatlon.—The dominant cover consists of herbaceous plants of

which the mountain avens {Dryas sp.). certain sedges, and lichens are

characteristic. Growing with these plants are grasses {Poa and Fes-
tura ) and many herbaceous flowering plants. There are many mosses,

but fewer of the peat-forming types. Where peat-forming mosses
and heath shrubs invade, these soils grade toward Mountain Tundra.
A characteristic landscape is shown in figure 38, and the profile in

figure 39. This Alpine Meadow profile is transitional toward Podzol.

^IcKixLET Park.—On the high mountains east of Camp Eielson, Al-
pine Meadow soils are widespread. The soil was examined about 3

miles northeast of the camp on a talus slope of about 8 percent. The
plant cover is dominated by Dryas -' in which are intermingled low
sedges, many herbaceous flowering plants, several mosses, and dwarf
blueberry.

[23] Alpine Meadow soil

:

Ao. 2 to inches, dark reddish-brown fibrous organic and root mat.
( oYR 3/2.

)

Ai. to 4 inches, dark reddish-brown and dark grayish-brown loam : weakly
developed fine granular structure; many fine roots. (Brown:
lOYR 43.)

Bi. 4 to 10 inches, dark yellowish-brown loam ; weakly developed granular
structure: granules soft and mellow; very friable; several fine

roots. (Brown: lOYR 4/3.)

Bo. 10 to 24 inches, dark yellowisli-brown loam streaked with black and pale
vellow ; irregular granular strttcttire : easily friable ; a few roots.

'(Brown: lOYR 4/3.)

C. 24 inches +, grayish-brown, dark-gray, and light yellowish-brown
gravelly sandy loam; many quartzite and a few rhyolite pebbles;
easily dug. (Brown: 10YR 5/3 to 4/3.)

The data in table 18 show a rather high content of clay for soils

in Alaska. The local alluvium has not been well sorted. Base satura-

tion in this profile is higher than in the Mountain Tundra soils, and
the soil is less acid. The available phosphorus is exceedingly low in

all horizons except the surface organic mat. The content of organic

' The park ranger mentioned this area as a favorite range for the Ball's sheep.
Apparently they find the Dryas plants especially palatable. He expressed con-

cern, however, that the sheep may be failing to reproduce properly. Otir data
(table 18) do indicate a possible deficiency of phosphorus in the soil, and a
sample of the forage was low in phosphorus and high in calcium (table 21.)
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matter, as shown by the percentage of nitrogen and organic carbon,
is high and grades downward as in Prairie soils. The carbon-nitrogen
ratios vary from 13 to 1 to 14.6 to 1, considerably lower than in Tundra
soils. From the standpoint of base status and organic matter, this

soil compares favorably with productive Prairie soils in the upper
Mississippi Valley. The data on minor elements indicate neither
excesses nor deficiencies, except that exchangeable manganese is low.

Copper and zinc are fairly high.

Fishhook Pass.—^At this pass, in the Talkeetna Mountains north-
west of Palmer, above an elevation of 3,500 feet, Alpine Meadow soils

were observed. The soils have a characteristic pattern of mounds, 6 to

18 inches high and dominantly 1 to 3 feet wide. This soil is far above
the timber line and is developing on the country rock—micaceous
schist. The profile was examined on one of the mounds under a cover

of Dryas and lichens. A few sedges, mosses, and a saxifrage grew
nearby.

Alpine Meadow soil:

Ai 1. to 2 inches, very dark-brown mucky silt ; very loose and friable.

Ai 2. 2 to 9 inches, grayish-brown silt loam ; weakly developed fine platy
and crumb structure ; very friable ; roots abundant.

Bs. 9 to 15 inches, reddish-brown silt loam, mottled with yellowish red and
pale yellow in the lower part.

15 inches -|-, frozen micaceous schist below.

On another mountain slope at 3,400 feet elevation, the soil has a
characteristic hummocky microrelief . The surface has a dense matted
plant cover, and many herbaceous flowering plants were in bloom.
Tlie soil was examined on a slope of about 20 percent. A profile

from a hummock about 1 foot high and 3 feet across is next described.

The plant cover consists of a matlike growth of very dwarf heath
shrubs, mosses, and lichens in which are intermingled a few Dryas,
grasses (Poa), dwarf evergreen (Polystichufn), and alpine clubmoss.

Alpine Meadow soil

:

Ao. 2 to inches, dark yellowish-brown fibrous organic mat. (pH, 4.5.)^^

A2 G. to 15 inches, grayish-brown silt loam with dark-brown organic
stainings along root channels ; moderately developed medium platy
structure; roots abundant. (pH, 5.5.)

Bi. 15 to 18 inches, transition layer; roots abundant. (pH, 5.5.)

B2. 18 to 25 inches, dark reddish-brown loam, slightly streaked with yellow
in lower part; moderately developed fine granular structure, with
granules soft when moist and slightly hard when dry ; many frag-
ments of granite and quartzite. (pH, 5.0.)

C. 25 inches +, pale-yellow loam, containing rotten granite. (pH, 6.5.)

ALLUVIAL SOILS

Alluvial soils are those derived from such freshly deposited alluvium
that few, if any, of the effects of vegetation and climate can be seen

in the soil. They are in the azonal order. In other words, the soil in

which plants do or may grow is indistinguishable from the alluvium
itself. The zonal soils—Tundra and Podzol and the intrazonal

See footnote 19, p.



100 U. S. DEiPT. OF AGRICULTURE MOXOGEAPH X'O. 7



PRINCIPAL SOIL GROUPS OF ALASKA 101

a; ^

0)
^

. o

CO '^



102 U. S. DEPT. OF AGRICULTURE MONOGRAPH NO. 7

1 (M as 1-H CO

^
(M 5^

1 ^^CO

a A ^

«a

c^ o ^ <MOOI>l>
m o ?^ o lO 00 1—

1

c5
K iCO<M<N(M

^ V i
Q

<M "H
't^ C^I>.CO

1
(MOoo

5^ ^^^2
oo d:

^"S ^ 00(MTtH
^•® ?^ (NC:i-HCO

(M 1—i(M ,-H

^v ^

- 1 23 fi
cX)OiOO

s ^ oeoioio
^ Tt<COCO(M

a ^dc5 «
lO

(B ^o

5^

i-H00O(N

1—1 1-H 1—1 1—

1

o3 o

s^^? ;j

r-HCOTt^GO

id TfH CO id
a

f^i^
j^ 1—

1

1—^
1—(

1—

1

(D «
a
03

d
lO

73 I ^<^1 g 00 CO t^ o
SS|o ^COCCH>

^ o

K —-^^ ^ CO CO l> lO

^ 5?
^ ^ 00-* <M

<tom o «^^ a.

££27
CO^O^
^i>^"(M

>ii^ 4
1—

1

o coco TJH 00

w CO lO lO lO lO

a

, o '^ OTtH +
.a s^ ^ (M -^

a f^ 1 1 1
<M

o-t o
o g^

fl
o
w
;^

O
ffl

<<^^6

T-A-^a
s
^

<MO5lO00

ii id <M CO T-H

biot^ h

O " cc

1 CO CQt^TfH

2c CO(M<Ni-i
43 o

1
d •

sj O lO 05 <M (N
.73 c ^CC

>1^ P,<^
a;

^ A StK 3 O
Oit^t^O
Ttt lO "^ lO

ffiil
5>.

a
00l>Tt<i-H

00 (N TtH lO

m CO CO CO (N

^
t^TjH (M

a

O 1
OOO^
d 'o

o

q3 lO CO CO Tf

B M o
m

O
"§ COCKMO
o bC 1—! 1—H ,-H *

S
0̂3

fee
t^-^ 00 CO

03
03 CO CO Tti ^

o O 1—
1 ^^ T-H 1—

I

X
H

Ol T-l r-l lO

w aJTt! 00 (M

o TtH Ort^ +
rG ^(M^
0- i4i"
Q g^

fl

o
N
u
O
W

o " — (M '

1 < <^«pqo



PRINCIPAL SOIL GROUPS OF ALASKA 103

o

TfH o TfH aii>
T^l>^ Tin 00

, CO lO CO lO Ttl

& ?i.

CIh

ooooo
• (Ml>-^ CO Tt^

S rH 1—1 T—( T—1 1-H

ji

o;

C^'* ooo
>CO CO O lO (N

i-iC^i-ir-{

O -^ —

'

<i^<i1pqpqO



104 U. S. DEPT. OF AGRICULTURE MO^'OGRAPH XO. 7

soils—Subarctic Brown Forest and Half Bog—may be developed
from alluvium, however, that has been in place long enough for the
features characteristic of soils in those groups to develop.

Many of the Allu^dal soils are still receiving additions of sediment
to their surfaces during flooding. Obviously, transitional soils with
weakly developed characteristics exist between Alluvial soils and the

other groups.
Alluvial soils occur throughout most of Alaska in the broad flood

plains of the major streams and in those of the little streams, even
those in mountainous areas. They exist as numerous relatively small
areas and strips in first bottoms and Ioav terraces of the flood plains,

in deltas, in coves, along narrow valley slopes, and in narrow coastal

fringes.

They vary widely in texture and drainage. Some are fairly well
drained except during flood stages. Most are deep over hard rock.

Those having materials settling from very slowly moving water are

fine-texturecl clays, silts, and silt loams ; whereas those along the moun-
tain torrents are cobbly and stony. Much of the alluvium in Alaska
is gravelly, cobbly, and even bouldery. These coarse materials were

dropped by rapidly flowing water that carried the fme material along

to more nearly quiet water in the great flood plains and deltas. In the

later stages of terrace formation, these coarse materials may be covered

with deposits of fine materials, often only as thin smears.

Although Alluvial soils with deep stone-free surface layers—fairly

well drained sandy loams, loams, and silt loams—do not make up
a large total area, they are important agriculturally. Small areas

suitable for gardens or pasture are widely scattered throughout the

Territory.

Kouglily, the Alluvial soils may be divided into two groups according

to origin: (1) Those from general or mixed alluvium along large

streams and (2) those from local alluvium along small waterways or

in coves, in which the material is derived mainly from one kind of

rock.

First, a few soils from general alluvium will be presented.

An Alluvial soil was examined on the Kennecott Flat, an alluvial

bottom land about 5 miles long and 1 mile wide, below and west of the

front of Kennecott Glacier and west of the deserted mining village of

McCarthy. While the copper mines were operating, there were four

farms, since abandoned, on this alluvial bottom land. Vegetables and
milk for Kennecott miners and hay for pack horses were produced on
about 1-10 acres of cleared land. With abandonment, quackgrass took

over the clearings. Seedlings of aspen, from the undisturbed areas,

are becoming established in the old meadows. A profile was examined
on the old Iverson farm.

£381 Alluvial soil

:

Ap. to 8 inches, dark-gray friable loam ; moderately develoj^ed crumb struc-
ture ; roots numerous. (lOYR 4/1.)

C. 8 to 16 inches, gray friable fine sandy loam, very slightly mottled with
yellowish brown : weal^lv developed crumb structure ; roots numer-
ous. (lOTR 6/1 to 5/2.)
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Another Alluvial soil was examined near the junction of the Richard-
son Highway and Tonsina River in the great flood plain of the river.

The meadow is largely quackgrass, which has for many years been cut

for hay for pack horses. Now it is used as an airfield as well.

[41] Alluvial soil

:

Ap. to 6 inches, gray fine sandy loam; weakly developed fine granular
structure; very friable; roots and rhizomes numerous. (2,5Y 6/1.)

B. 6 to 24 inches, light-gTay, gray, and yellowish-gray fine sandy loam ; very
friable and loose ; slightly laminated.

C. 24 inches +, loose loamy fine sand, becoming coarser with depth;
stratified.

An Alluvial soil [30] was examined in the first bottom of a narrow
flood plain along Caribou Creek, a torrent that joins the Matanuska
River a little east of Matanuska Glacier. This stream flows from the
mountainous area between the upper Matanuska Valley and the Cop-
per River Basin. The soil was examined about 2 miles south of the
point where Glenn Highway crosses Caribou Creek, in a garden at the
Hitchcock place. The garden lies along the margin of the creek. The
stream overflows every spring and may deposit silty or sandy materials
in its flood plain, cut new channels, or remove parts of its bank during
subsequent floods. The soil consists of grayish-brown (2.5Y 5/2)
loamy very fine sand to fine sand, mixed with fibrous organic matter.

It varies considerably from place to place in texture and in the pro-

portion of peaty materials, stumps, and roots. The soil is deep and
friable throughout. It is slightly mottled but internally well drained.

Garden crops grow well (fig. 40).

An Alluvial soil [24] was sampled in the bottom land along the

Sanctuary River, a typical glacial stream west of the McKinley Park
Station ('fig. 41). Much of the soil is covered with a heavy stand of

bluetop and fireweed, along with scattered spruce trees. It is said to

be good grazing land for bear in McKinley Park. The soil consists

essentially of dark grayish-brown (lOYR 4/2) very fine sandy loam
mixed with large amounts of dark-brown organic matter. The pro-
portion of organic matter decreases slightly with depth.
Some laboratory data for these four Alluvial soils ( [38], [41], [30],

and [24]) from general alluvium are giA^en in table 19. With the ex-

ception of the soil from McKinley Park, all are mildly alkaline in

reaction and well supplied with bases. The proportion of exchange-
able calcium to magnesium is high. Although the Alluvial soil from
McKinley Park is strongly acid, the percentage for base saturation
is not low.

Coastal marshlands occur in scattered areas in quiet waters of most
channels at the mouth of rivers that empty into the ocean. They are
formed of organic matter and tidal-deposited silts. An example is

included.

Southwest of Wasilla, along the Knik Arm for some 10 miles to the
Indian village of Knik, are tidal flats like those in other parts of the
Cook Inlet. Most of this flat is wild land, but a small part has been
used for pasture and hay. The plant cover consists mainly of many
species of sedges. On the better drained parts are wild rye, bluetop,
and lupines; and in the wetter parts is a large alkali grass (Pucci-
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nelVia hauptiana) . A profile was examined in a slightl}- better drained
part.

[33] Alluvial soil (on tidal flats) :

Ao. to 6 inches, dark grayish-brown sedge peat impregnated with bluish
silt. (Gray to grayish brown: 2.5Y 5/1.)

Gi. 6 to 12 inches, bluish-gray silt, organic matter, and a mass of roots ; very
wet. (2.5Y 5/1.)

G2. 12 inches +, interbedded layers of bluish silt loam and a few seams of
reed and sedge peat saturated with salt water; few roots. This
continues for many feet. (2.5Y 6/0.)

The morphology and data in table 19 suggest an accumulation of

tidal-deposited base-saturated silts and cumulous materials, perma-
nently waterlogged by alkaline sea water. As it is built up above the
alkaline water and organic matter is added, the soil becomes acid
and loses some of its bases.

Alluvial soils from local alluvium are most commonly found in

mountainous sections. Many are heterogeneous mixtures of fine ma-
terial and rock fragments deposited as local wash in alluvial fans (or

so-called coUuvial slopes), in coves, narrow valleys, or narrow coastal

strips.

On lower slopes of the mountains, near the town of Seward, are
small areas of deep soil used for gardening. These Alluvial soils

are derived mainly from local alluvium. A profile was examined on
a lower slope in a garden.

[73] Alluvial soil

:

All. to 4 inches, dark grayish-brown and very dark-brown gravelly sandy
loam containing many fragments of slate and phyllite ; very loose

;

weakly developed crumb structure. (2.5Y 4/2.)

Ai 2. 4 to 18 inches, gray loose mixture of slate, gravel, and sand. (2.5Y 5/0.

)

Ai3. 18 to 24 inches, dark-gray fine sandy loam containing many slates ; very
friable ; weakly developed crumb structure. (Gray : 2.5Y 5/1.)

0. 24 inches +, dark-gr,ay slaty sandy loam. (Gray: 2.5Y 5/0.)

The data in table 19 do not suggest any significant profile develop-

ment. The horizons reflect the layering of the material washed down
from higher slojDes. The lower base status and higher exchangeable
hydrogen in the Ai 1 and Ai 3 horizons are probably due to the higher
content of organic matter.
Another Alluvial soil [67] was examined on the Waterman farm at

the upper part of the Homer Bench near the breaks between the up-
land plateau and lower bench. The cropland on this farm is mainly
on the Alluvial soils derived from local alluvium on the lower slopes

and upper drainageways. These soils occur in small areas. A profile

was examined in a field of oats recently cleared of alder and willow.

[67] Alluvial soil

:

Ap. to 12 inches, gray and yellowish-brown loam ; friable ; weakly developed
crumb structure. Apparently the material has been recently de-

posited. (Brown: lOYR 5/3.)
A3. 12 to 28 inches, light yellowish-brown silty clay loam, slightly mottled

with light gray and yellowish brown ; weakly developed crumb
structure; plastic when wet. (Grayish brown: lOYR 5/2.)

GCi. 28 to 39 inches, mottled light-gray and yellowish-brown silty clay loam ;

very weakly developed subangular blocky structure ; plastic when
wet. Soil contains many sharp rock fragments of pebble size.

GC2. 39 inches 4-, like above, but structureless.
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The data in table 19 suggest no profile development. The soil is well

supplied with calcium, but exchangeable manganese is low.

Table 19.

—

Analytical data for several Alluvial soils

Chemical Analyses

Soil and
horizon

Soil 38
A,
C_

Soil 41
A,

Soil 30
Ai

Soil 24
Ai

Soil 33
Ao
Gi
G,

Soil 73
Ai
Ai
Ai
C_

Soil 67
AP--
A3--
GCi_
GC2.

Depth

Inches
0- 8
8-16

0- 6

0- 6

0- 6

0- 6
6-12
12+

0- 4
4-18
18-24
24+

0-12
12-28
28-39
39+

pH

7. 6

7. 7

7.5

7.5

5. 1

4.7
5. 2

5.3
5.2

5.4
5.7
5.9
6. 1

Exchangeable cations
(m. e./lOO gm.)

H

2. 4
. 5

1. 4

2.4

29.5

Ca Mg K

32.0
17. 6

17. 1

27.2

15. 1

5.9
7.8
IL 1

.9

.7
2. 1

.6

8.0
8. 7
9. 1

9.8

2. 4
1. 1

2. 5

2.8

2.6

8.3
6.4
2. 5

. 4

. 2

.3

.2

2. 7
3. 1

5. 5

5.8

0.

<• 1

. 9

M]

0.01
.01

.04

. 06

.09

.03

.09

.07

.03

.02

. 01

.01

.01

.01

.01

.01

Sum

36.9
19. 3

21.

33. 3

47. 4

21. 1

16. 2
14. 2

10.8
3.0

10. 6

3.3

19.0
19. 1

21.8
22.2

Base
satura-
tion

Percent
94
97

93

93

38

70
90
100

14
34
24
28

58
63
69
72

Avail-

able
P

P.p.m.
16
1

38

73

Nitro-
gen

Per-
cent

0. 21
.04

.06

LITHOSOLS

Lithosols are azonal soils that consist mainly of hard rock, with or

without thin irregular coverings of soil material. At the extreme are

the exposed surfaces of massive rock that support no plants except for

lichens or mosses. With more weathering, masses of broken rock and
boulders, with patches of soil material between, support the higher
plants according to the local climatic conditions.

As shown on the map, much of Alaska has these thin rocky soils.

They are most prominent in the high mountains, because of the steep

slopes that are not yet weathered to a stable angle of repose, and
because of the cold. In the highest parts, no plants grow. At lower
elevations, lichens, mosses, and dwarf shrubs and trees find a foothold
(fig. 42). On the lower slopes, trees may appear. In parts of the

Aleutian Islands, the mosses and lichens usually cover even perpen-
dicular rock faces.



108 U. S. DEPT. OF AGRICULTURE MONOGRAPH XO. 7

Figure 40.—An excellent garden at the Hitchcock place on Alluvial soil bordering
Caribou Creek.

-M^^'^'J^^tl'-' k\-iM.) '.:
.& »!

FiGUEE 41.—An Alluvial soil [24] bordering the Sanctuarv River in McKinley
Park.
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Figure 42.—A close view of the surface of an arctic Lithosol—a few inches of
rubble over solid rock. Mosses, sedges, and dwarf birch find a foothold.

REGOSOLS

Regosols are azonal soils that consist mainly of soft or unconsoli-
dated rock, with or without thin irregular coverings of soil material.

Formerly they were included with the Lithosols. Like Lithosols, they
have scarcely no soil, but they are not stony and roots can more easily

find a foothold.

Eegosols are found in small areas throughout Alaska. They include
relatively fresh morainic debris left by retreating glaciers, beach
sands, fresh wind-laid deposits, recent accumulations of volcanic ash
and cinders, and the exposed banks or cuts of terraces or other forma-
tions of unconsolidated rock (fig. 43).

Thin Regosols Over Old Soil Surfaces

At the northern end of Kodiak Island and in many local areas within
the Aleutian Islands the old soil surfaces are covered by recent

volcanic ash and cinders to depths of 6 to 24 inches, or even deeper in

places. Generally, the thickest coverings of volcanic ash lie over

Tundra (without permafrost) and Alluvial soils on flats or gentle

slopes.

Aleutian Islands.—Umnak Island is one of several where much of

the present soil has developed from reworked ash and cinders. Some
light additions came from recent (1945) showers. A soil was exam-

892183°—51 8
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inecl in the volcanic ash near site [59], which ah^eady has been dis-

cussed. The vegetation is quite hixuriant and varied; it inchides
several sedges, lupines, wild pea, beachgrass, Alaska timothy,
Equisetum, moss, wild geranium, yarrow, and many other flowering
plants.

[58] Regosol from volcanic cinders

:

1. to 3 inches, reddish-brown peaty surface mixed with cinders ; many
roots.

2. 3 to 8 inches, dark-olive gritty cindery loam. The old soil below
resembles [57] (see page 46).

The data in table 20 show the strong effect of organic matter in the
upper 3-inch root section. The exchangeable hydrogen had increased
five-fold, and the exchangeable calcium, magnesium, and manganese
in greater proportions.

Figure 43.—^A Regosol—beach material along Kachemak Bay near Homer.
(Photo by D. A. Savage.)

KoDiAK IsLAXD.—A glimpsc of the soils near the Xaval Base at

Kocliak Island was had. Two distinct land forms stand out as (1) the

valley flats, which are the flood lands of the estuaries of several

rivers at the end of the embayments, and {2) the high ridges and
moimtains between them (fig. 44). Nearly all the soils are covered

with volcanic ash from the eruption in 1912 of Mount Katmai on the

Alaska Peninsula to the north. The soils were examined in three

widely scattered areas: (1) In Bushkin Valley, (2) on a flat near
Middle Bay, and (3) on a high ridge between Middle Bay and Kalsin
Bay.
At the upper end of the valley of the Bushkin River north of Bush-

kin Lake, a 12-acre garden plot on a gently south-facing slope was
examined. When observed on August 13, the crops were judged a

total failure. Although seeds laicl in the sandy volcanic ash ger-

minated, nearlv all the seedlings were stunted and chlorotic, and many
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were dead or dying. Many of the roots, particularly the root hairs,

had blackened and died, or were missing. In an undisturbed area

north of the garden, a set of soil samples were taken (fig. 45). The
plants on the soil where sampled included bluetop, fireweed, and
lupines. These plants appeared to be healthy, moderately dark green,

and of normal size; but their roots were well anchored in the old

surface soil beneath the recent ash.

[60] Regosol over Tundra (without permafrost) :

Ao. 1^ to inch, dark yellowish-brown root mat sprinkled with white fine-

sand sized particles of volcanic ash.

Aa, to 2 inches, white fine sand and very fine sand ; very loose ; many grass
roots.

Bi. 2 to 6 inches, pale-yellow very fine and fine sand ; loose ; very few roots.

O. 6 to 11 inches, light-gray loamy fine sand ; loose ; no fine roots, but an oc-

casional large one.

Ai b. 11 to 16 inches, very dark grayish-brown loam ; softly granular and
friable.

BGb. 16 to 22 inches, mottled reddish-brown, gray, and olive silt loam ; softly

granular and friable.

The morphology and the data in table 20 show that this is a two-
layered soil. Beneath is an old Tundra soil (without permafrost),
exceedingly low in base saturation and rather low in exchange ca-

pacity. The young soil (above 11 inches) from the overlying volcanic

ash has a very low content of exchangeable cations and is infertile de-

spite the vakies for percentage base saturation and phosphorus.

Table 20.

—

Analytical data for Regosols from volcanic deposits

Chemical Analyses

Soils and
Depth pH

Exchangeable cations
(m. e./lOO gm.) Base

satura-
tion

Avail-
able

H Ca Mg K Mn Sum
P

Soil 58:
1

2
Soil 60:

An

Inches

0- 3
3- 8

11/2-

0- 2
2- 6
6-11
11-16
16-22

0-12
12-20
20-32

0-10
10-15
15-20
20-26
26+

5. 1

5.5

4.9
5.9
5. 5

6.0
4.5
4. 5

5.4
5. 2

5.3

5. 8
4.9
5. 1

5.4
5. 3

24.5
5. 4

4.3
. 7

3.6
. 5

0. 1

. 1

0.25
. 04

32.6
6. 7

Percent

25
20

P. p. m.

105
A3
Bi
C
Ai b-—
BGb--

Soil 62:
A
Ai b

Gb---.
Soil 63:

A
Ai b

B2b—

-

1. 5
2.0
2. 1

20. 6

22. 7

2. 1

24. 9
8.5

L4
95. 5
106.6
50. 1

91. 4

. 5

. 1

.5
LO

. 7

.3
5. 5
2.2

.2
3.5
L7

. 3

.9

.2

. 1

. 1

.7

.3

.3
5. 8

4.3

.2
L8
.8
. 6

.6

. 2

. 2

.0

.2

. 2

. 1

. 7

.5

. 2

1.2
1. 2

. 9
1. 1

{')

{')

(')

.08

.01

.03

. 13

.01

.01

.08

.01

.04

.02

2. 4
2. 4
2.7

22. 6
23. 9

2. 8
37.0
15. 5

2.0
102.0
110.3
51. 9
94.0

38
17
22
9
5

26
33
45

30
6
3
4
3

33
28
15
16
5

1 Trace.
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FiGUKE 44.^View in tlie iiortlieastern part of Kodiak Island, witli liigii inouutain
ridges in the bacliground. Near site of soil [63].

A soil consisting of a surface layer of volcanic ash about 1 foot thick

over an older Alluvial soil was examined on a nearly level bottom at

the end of Middle Bay. Several hundred acres were being grazed.

The pasture plants are mainly sedges, with some grasses.

[62] Regosol over Alluvial soil:

A. to 12 inches, gray loamy very fine sand impregnated with grass roots.

This is the volcanic ash, which has changed but little since its deposi-
tion except for slight additions of organic matter.

Ai b. 12 to 20 inches, dark grayish-brown and very dark-brown organic-rich
loam (?) with coarse soft granular structure.

Gb. 20 to 32 inches, gray silty clay loam mottled with dark gray and very dark
gray ; nearly massive ; water table just below 20 inches.

The data in table 20 are like those for the profile previously de-

scribed.

Rather high mountain ridges covered with shrubs and grasses are

characteristic of the uplands between Middle Bay and Kalsin Bay.
A soil was examined on a slope of about 8 percent near the top of one
of these ridges. It had received about 1 foot of recent volcanic ash.

The luxuriant vegetation consists mostly of sedges and grasses

—

bluetop, bromegrass, fescue, and bluegrass, with scattered raspberry,

fireweed, and willow\

[63] Regosol (volcanic ash over buried soil) :

A. to 10 inches, light yellowish-brown loamy fine sand containing many
grass roots. This is the volcanic ash lying over the Ai b horizon.

Ai b. 10 to 15 inches, black silt loam ; softly granular.
B2 b. 15 to 20 inches, reddish-brown to dark reddish-brown silt loam

;
granu-

ular ; friable ; many fine roots.

B3 b. 20 to 26 inches, light yellowish-brown soft silt loam ; irregular blocky
structure ; friable ; many fine roots.

Cb. 26 inches -{-, yellowish-brown silt loam; friable; few roots.

The data in table 20 are similar to those for the other two samples.
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These data and the morphology indicate that the soil below the ash
is a Tundra (without permafrost).
Although additions of fresh volcanic ash are generally regarded as

soil fertilizing, these examples show that they may have the opposite
effect.

?# <

'..
' *m^

Figure 4.").—Soil profile [60] north of Buskin Lake on
Kodiak Island. An old soil has been buried by about
12 inches of recent volcanic ash.

SOIL ASSOCIATION AREAS

The preceding discussion has dealt, for the most part, with the
characteristics of specific soils and the related features of their en-

vironment. The attempt has been made to define, name, and group
these soils as units in the taxonomic system of soil classification.

Much more field and laboratory work will be needed to define them
precisely, and especially more detailed mapping will be required, at

least in sample areas, in order to establish the approximate ranges in

characteristics for each type, series, and great soil group.
Such categorical units are essential as a basis for assembling the

data about soils obtained through both field and laboratory studies,

for remembering their characteristics, for seeing relationships among
them and between them and their environment, and for developing
the principles governing their genesis and behavior.
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The categorical units can rarely be sllo^Yn as such on maps of small

scale. The boundaries between unlike units are too finely intricate.

Geographically associated taxonomic units can be grouped into soil

associations^ defined in terms of the proportions of the taxonomic
units and their patterns. Such soil associations are analogous to plant

associations. In neither case is genetic similarity a criterion for

grouping. Usually, in fact, strongly contrasting soils are necessarily

included in one association—the Podzol, the Bog, and the Lithosol,

for example.
A compiled schematic soil association map for Alaska is inside the

pocket on cover page 3. This has been developed mainly by study

and interpretation of aerial photographs and of maps showing geol-

ogy, topograph3^ climate, vegetation, and other natural features, in

the light of established relationships between soil classificational units

and combinations of these genetic factors. Tliis is sometimes called

the method of geographic correlation.

The areas on this map of greatest reliability are those that have
had the most accurate basic mapping and that the authors had an
opportunity to study first hand, as reported in this monograph. The
map is only roughly approximate for the remote and relatively in-

accessible areas. Yet a large total amount of data, including the notes

of reliable travelers, was available for most parts of the Territory.

The dominant soils of each association area, shown on the map
(cover page 3), are tabulated in the legend accompanying the map
under the following headings: (1) Map symbol, (2) Great Soil

Groups, (3) Estimated Proportion (of each great soil group),

(4) Relief and Distribution Pattern, (5) Variations and Inclusions,

(6) Permafrost and Other Outstanding Features, and (7) Suggested
Agricultural Potentialities.

The estimates given of the proportion of each great soil group
are only roughly approximate for each soil association area as a whole.

They may not apply to any single small part shown on the map. For
example, some single small islands in the Aleutian chain consist mainly
of nearly barren rock. Although the dominant soil on these islands

is Lithosol. other islands in the chain, like Shemya, have a large pro-

portion of Bog soil.

FORAGE COMPOSITION IN RELATION TO SOILS

Besides noting the dominant plant species at each site where soils

were examined, samples of vegetation were taken with soil samples.-^

Forage plants are important as feed for livestock and as indicator
plants.

The aim was to learn whether unusual deficiencies or other relation-

ships existed, not to make an accurate survey. Although most soils

"^ Forage plants were dried and sent to X. R. Ellis, Bureau of Animal Industry,
U. S. Department of Agriculture, for analysis. The U. S. Plant, Soil, and
Nutrition Laboratory made a few cobalt analyses. W. O. Robinson, of the
Bureau of Plant Industry, Soils, and Agricultural Engineering, made molybdenum
analyses of three samples.
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have many species growing on them, only the dominating forage plants

were gathered : In the Aleutians, mixed sedges and grasses and mixed
grasses were taken ; on Kodiak Island, Kenai Peninsula, and several

other areas, bluetop grass was taken; in a few old meadows, quack-
grass {Agropyron repens) ; and in two plowed fields, oats to be cut

for hay. Dryas plants that had rooted in an Alpine Meadow soil in

McKinley Park were included.

The maturity of the plants varied among soil sites. Although de-

tailed records were not made of the state of maturity, most samples
were gathered in July when some of the bluetop grasses had reached
an advanced stage of growth. The food value of such grasses rapidly

decreases as they approach maturity.
Data on crude protein, calcium, and phosphorus content are in-

cluded in table 21. These values were compared to those from samples
taken in the United States and reported by Ellis {9) . The data given
in table 21 show that crude protein varies widely but is not greatly

different from that in forage in the United States. The protein con-

tent of the sedges and grasses grown on Tundra and Mountain Tundra
soils is, in general, higher than that of similar forage grown on other

soils, even though the samples were taken at about the same time.

This may be due largely to the delayed maturity of forage on the
Tundra soils.

Calcium and Phosphorus

Hay containing less than 0.23 percent calcium is considered defi-

cient, but the round figure of 0.20 percent is ordinarily used. Hay
containing 0.13 percent or less of phosphorus is certainly deficient in

that mineral and unsatisfactory even for beef cattle if fed without
mineral supplement. Dairy cattle need to be fed hay containing at

least 0.17 percent phosphorus.

Tundra Soils.—The samples of mixed sedges and grasses and of
mixed grasses gathered from the Tundra soils are low to very low in

calcium, and thus nutritionally inadequate. The grasses and sedges
collected near Bethel are highest in calcium—0.24 percent—but still

not much higher than the mixed grasses from Umnak Island and
Dutch Harbor. The sedges and grasses from Tundra soil [52] on
Adak Island contain only 0.11 percent calcium, the lowest of any
sample analyzed.

It is interesting to note that the soil horizons in which the roots

are concentrated are decidedly acid, and that the plants with the

highest calcium contents grew on the least acid soils. Tundra soils

have a low base saturation and a high exchange capacity, dominated
by exchangeable hydrogen. The ratio of exchangeable hydrogen to

exchangeable calcium and magnesium is much higher in these soils

than in most soils in the United States. About half of the exchange-
able cations in many of the most productive soils in the United States

are exchangeable calcium.
The phosphorus in the sedges and grasses grown on Tundra soils

ranges from a low of 0.11 to a high of 0.33 percent, or a variation from
low to adequate for beef cattle.
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Table 21.

—

Crude protein, calcium, phosphorus, and ash content oj
jorage plants rooted in several soils in Alaska ^

TUXDE-

Soil

site

num-
ber

71
52
53
54
55
59
57

50
69
59

Location Plant material

Bethel
Aleutians (^Adak^

do
Aleutians (Amchitka')

.

Aleutians (Shemya'i
Aleutians (I'mnak"
Aleutians (Dutch Har-

bor).

Cold Bay
Kenai Peninstila
Aleutians (Umnak)

Grasses-sedges
Sedges-grasses_
Grasses-sedges
Sedses-grasses.
.___^dor
]Mixed grasses.

do:

Sedges-grasses.
Bluetop
Bltie Itipine

Crude
Cal-

pro-
ciumtem

Per- Per-
cent cent

6. 97 0.24
11. 44 . 11
11. 77 . 19
9. 92 . 13

15. 44 . 19

10. 47 . 23
11. 45 . 21

7. 77 . 14
S. 52 . 19

20. 75 .86

Phos-
pho-
rus

Per-
cent

0. 11

. 14

. 19

. 24

. 33

. 24

. 16

. IS

. 14
97

Ash

Per-
cent

3. 85
6. 48
6. 83
5. 22
7. 23
7. SO
9. 33

10. 60
5. 75
6. 76

PODZOL

25 Hurricane Bluetop 8. 53 0. 13 0. 15 3. 56

SUBAECTIC BrOWX FoREST

7 Fairbanks |Bluetop 4.23
27 Palmer do 8.59

6. 00
5. 10

34 Palmer Oat hav 7.96

17 Circle

0. 19
. 19
. 33
. 28
. 24

0. 13 7. 53
. 20 7. 97
. 09 6. 44
. 12 4. 69
. 24 8. IS

Half Bog

19 Fairbanks ! Oat hav 11. 04 0. 22 0. 17 7. 29
21 Standard Bluetop 4. SO .12 .12 4. S2
16 Circle Hot Springs do 8.69 .57 .24 8.60

16B do do 11.36 .46 .19 7.63

^loUXTAIX TUXDRA

14 1'?-mile SumTiiit Sedges 14. 68
12. 37

0. 38
. 31

0. 15

. 15

4. 24
22 McEnley Park___ Sedges-bluetop __ 6. 13

Alpixe Meadow

23 McKinley Park Dryas 12. 45 1. 19 0. 14 5.08

Footnote at end of table.
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Table 21.

—

Crude protein^ calcium^ phosphorus^ and ash content of
forage plants rooted in several soils in Alaska ^—Continued

Alluvial

Soil

site

num-
ber

Location Plant material
Crude
pro-
tein

Cal-
cium

Phos-
pho-
rus

Ash

38
41

Kennecott Flats
Tonsina Lodge

Quackgrass
do

Per-
cent

6.81
6. 18
9. 80
9. 85

12. 13

Per-
cent

0. 34
.32
. 27
.22
. 21

Per-
cent

0.09
.09
. 15
.20
. 17

Per-
cent

6.27
5. 79

24
33
73

McKinley Park
Wasilla tidal flat

Seward

Bluetop
Sedges
Bluetop

4. 47
7. 16
5.66

Reoosol Over Old Surface Soil

60
62
63

Kodiak Island.
do
do

Bluetop.
do_.
do_

6. 41 0. 24 0. 21
8. 71 . 21 . 16
6.70 .37 . 17

6. 49
5. 84
7. 48

1 Constituents expressed on moisture-free basis.

PoDzoL Soil.—A sample of bluetop was gathered from a well-devel-

oped Podzol in the Susitna Valley. The calcium content of this grass
is exceedingly low, 0.13 percent. The soil is extremely acid (pH, 3.6)

in the surface layer below the raw humus and very strongly acid
(
pH,

4.9) in the lower root zone. As in the Tundra soils, the exchange
capacity is dominated by exchangeable hydrogen.

Subarctic Brown Forest Soils.—Although the calcium content of

forage plants grown on these soils is higher than in forage grown on
Tundra soils or in the sample from the Podzol soil, calcium is lower

than in most forage grown in the United States. Two samples of

bluetop, one from Fairbanks and the other from Palmer, contain 0.19

percent calcium, and two samples of quackgrass from Circle contain

0.28 and 0.33 percent. The data show a direct relation betAveen the

calcium in the forage and the acidity and exchangeable calcium in

the soil. For example, the soil at Circle that supported the forage

highest in calcium is alkaline in reaction and contains a high propor-

tion of exchangeable calcium.

The phosphorus content of the forage grown on these soils varies

from a low of 0.09 percent in one of the samples of quackgrass on
the old meadow at Circle to a high of 0.24 percent from a fertilized

field near Palmer in the Matanuska Valley.

Half Boo Soils.—Samples of bluetop grown on Half Bog soils vary

widely in calcium content—from a low of 0.12 percent in the one

collected near Standard to a high of 0.57 in the one taken at Circle

Hot Springs. The two samples collected at Hot Springs represent

an aftermath of relatively recent mowing and could be expected to be

relatively high.
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The phosphorus content of the bluetop varied from a low of 0.12

percent for the nearly mature plants at Standard to a high of 0.24

percent for one of the samples of aftermath at Circle Hot Springs.

Mountain Tundra Soils.—The forage from the two sites was
stunted. It contained 0.38 and 0.31 percent calcium. Both soils have
a low base saturation and are very strongly acid. The samples con-
tain 0.15 percent phosphorus.

Alpine Meadow Soils.—Diyas plants, grazed by Ball's sheep on
Alpine Meadow soils in McKinley Park, are well supplied with cal-

cium—1.19 percent. This plant is higher in calcium than any other
native forage collected. The soil on which the plants grew is as well

supplied with calcium as many of the Prairie soils of the midwestern
United States.

Although high in calcium, the Dryas sample is low in phosphorus

—

0.14 percent—which is especially low in relation to calcium. It was
reported by the park ranger that the Ball's sheep which depend on
this forage may be suffering from nutritional disturbances. The ewes
have trouble during lambing. The analyses of both soil and forage
suggest phosphorus deficiency, not a lack of calcium.

Alluvial Soils.—The calcium content of forage grown on Alluvial
soils ranges from a high of 0.34 percent for quackgrass on the Kenne-
cott Flats to lows of 0.22 percent for sedges on the tidal flats near the

Matanuska Valley and of 0.21 percent for bluetop taken north of
Seward. The soils at these sites are rather well supplied with lime.

The phosphorus content of forage on these soils ranges from a low of
0.09 to a high of 0.20 percent.

Regosols Over Old Surface Soils.—The bluetop grasses collected

from the volcanic ash on three sites on Kodiak Island range in calcium
from a low of 0.21 percent to a high of 0.37 percent. The phosphorus
content ranges from a low of 0.16 percent to a high of 0.21 percent.

Trace Elements in Forage

Twenty of the forage samples were selected for qualitative examina-
tion of mineral elements by the spectrograph. Compared to forage
grown at the Beltsville Research Center, estimates reveal no striking

deficiencies in the Alaska forage. Fluorine and lead appear to be only
a little low, copper and silver variable, and molybdenum high in some
samples.

Cobalt was detected in only 3 of the 20 forage samples; but this

method cannot pick up the exceedingly small quantities—0.07 parts per
million—of cobalt that may be adequate for animal nutrition. Nine
of these low cobalt samples of grasses, mostly bluetop, were selected

for cobalt anal}' sis. The results, in parts per million of cobalt, are

as follows

:

Location Soil No. P. p. m.

Aleutians (A(lak)__ [53] 0. 15
Kenai Peninsula [69] . 04
Kenai Peninsula . 13

Fairbanks — [7] . 11
Standard [21] . 11

Curry [26] . 08
Kodiak [60] . 20
Kodiak [63] . 06
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Besides, an alfalfa sample from the Matanuska Agricultural Ex-
periment Station contained 0.19 parts per million.

This number of samples is, of course, far too few for a conclusive

statement on the cobalt status of Alaska forage
;
yet it can be said that

the few samples investigated show a rather low cobalt content. Since

two contain less than 0.07 parts per million, cobalt must be kept in

mind as a possible nutritional hazard. No definite relationship to

broad soil groups can be suggested.

Molybdenum was determined in four forage samples—quackgrass,

bluetop, and oats grown on Subarctic Brown Forest soils; and pea-

oat silage grown on a Half Bog soil. The analyses show a range of

4.8 to 9.2 parts per million of M0O3 and an average of 6.1 parts per

million. The upper limit is very high.

In a short paper on molybdenum in soils, Kobinson {'22) has included

these analyses along with many others taken in the United States and
Colombia, South America. Although high in molybdenum, it seems
unlikely that these Alaskan forage plants are high enough to be toxic

to cattle, since they are also well supplied with copper, which is known
to counteract the injurious effect of high molybdenum in feeds. Yet
the hazard needs to be in mind in studying the nutrition of cattle in

Alaska.

PAST AND PRESENT USE OF SOILS FOR AGRICULTURE

Agriculture in Alaska has always been on the frontier. At no time
has any more than a very small fraction of 1 percent of the land been
in crops other than pasture. To the sparse population, land is plenti-

ful. No immediate concern is expressed, for example, over the wastes

caused by placer mining operations ( fig. 46)

.

Tundra Soils

A sparse population of Eskimos hunt and fish over a large expanse

of Tundra soils. These hardy nomads, able to adapt themselves to the

severe tundra environment, use only a very few tiny parcels of Tundra
soil for hardy vegetables. Eskimos in the Kotzebue area of the north-

west have a few small garden plots for radishes, turnips, rutabagas,

cabbage, and leaf lettuce, and in a few protected areas, for celery and
head lettuce. Most of the soils used for gardens are remade by large

additions of organic matter like manure and kelp. They also gather

edible wild berries growing on the tundra, especially blueberries, cran-

berries, and two species of raspberry
(
Rubus arcticus and Rubus cha-

maemorus) . With the help of Laplanders who came in 1898, some of

them have cared for reindeer and caribou.

On the Tundra soils in southwestern Alaska, including the Aleu-

tians, some livestock was kept during the Russian occupation. Later

a few tiny gardens were grown in the settlements. Interesting accounts

are available of gardening at Holy Cross in the upper end of the Yukon-
Kuskokwim Delta.
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Keports of vegetable growing have come from the southwest slopes
of the Endicott Sloimtains far north of the Arctic Circle. Every year,
for the past 40 years, miners have brought samples of fully matured
cabbage and potatoes to Circle Hot Springs.^^ Most of these Vegetables
were grown along a creek flowing south into the headwaters of the
Koyukuk Kiver. Long days of sunshine and perhaps warmer air cur-
rents have favored vegetable crops.

FiGUEE 46.—Potential agrieiiltnral soil being laid waste tlirougli placer mining
in the Goldstream Valley near Fox.

Subarctic Brown Forest and Alluvial soils

Throughout the Territory, south and east of the Tundra soils, are

large and small areas of Subarctic Brown Forest and Alluvial soils

that have been or are now being used for crops. The arable soils are

generally deep, medium textured, friable, moderately well drained,

and nearly level or gently sloping. Within the region of permafrost,

most of the soils in crops are on south-facing slopes or in spots ben-

efited by the greatest amount of sunshine and warm air. These soils

^" Mr. Leach, a successful gardener at Circle Hot Springs for the past 42 years,
discusses gardening with the many miners who come there yearly for rest and
treatment. Because of his interest, miners bring in samples of their products.
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occupy coves, lower A^alley slopes, stream terraces, former lake basins,

alluvial bottom lands, and deltas. They are naturally the most respon-

sive and can be made fairly productive by careful tillage and the use

of fertilizer, manures, and composts.
Alluvial soils especially, utilized for small home gardens and for

hay, may be found throughout the Territory. During the war, one of

the few sites of suitable soil for "victory" gardens that was large

enough for the city of Juneau was on an alluvial bottom land several

miles from the city (fig. 47)

.

FiGUEE 47.—Gardens on Alluvial soil near Juneau.

Fairbanks Area.—Agriculture started near Fairbanks as an over-

flow from mining. People came there primarily to mine and to "get

rich quick." Some obtained homesteads, largely for firewood, and
cleared only a few acres for hay and oats for work horses. Many were
bachelors. Crop acreage has always been low. It is estimated that

about 1,400 acres of land were cultivated in the Tanana Valley in 1946.

An influx of new settlers has increased this figure somewhat since.

Vegetable growing is most important: Hardy vegetables are grown
successfully outside, and tomatoes and cucumbers under glass. The
main crop is potatoes. Two dairy farms are located near Fairbanks.

Copper Center Basin.—As in the Fairbanks area, agriculture

started primarily as an overflow from mining. Near Copper Center

there were about three farms, since abandoned. These farms pro-
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duced a few beef cattle but were unsuccessful because of poor markets
and inability to produce feed grain. Perhaps about 100 acres had been
cleared and used for crops on these three farms. In 1910, three or
four farmers lived near the village of Lower Tonsina, three near
Long Lake between Chitina and Kennecott, and four on the Kennecott
Flats west of the mining village of McCarthy. Besides, a few part-
time farmers lived near McCarthy on the high benches and on Sour-
dough Eidge. Some 200 acres were cleared on the four farms in the
Kennecott Flats. The soils on these farms have been described pre-
viously. Most of the farmers grew vegetables for the Kennecott min-
ers and hay for pack horses and a few cattle. The best results were
with such vegetables as turnips, rutabagas, cabbage, and carrots.

These farms were abandoned soon after mining stopped.

Matanuska Vallet.—The first homesteads in Matanuska Valley
were occupied by trappers, fishermen, and miners. As far back as

1913, most of the easily accessible smooth land was held, although
farmed very little. When the Matanuska colonists arrived in the
summer of 1931, there were already some 75 old-settler farms. In
191:6, the valley had about 250 farm families, including 52 of the 200
original families that made up the Matanuska colony. A total of
about 8,000 acres of land was cleared and in crops—^by far the largest

area of cropland in one Alaska community. Land clearing has been
accelerated again during the immediate past few years, owing partly

to an influx of new settlers and partly to the increasing farm business

of established farmers.
Allan H. Mick has made the following statement about the problems

of new homesteaders in the Matanuska Valley

:

New settlers arriving from the United States have been accustomed to high
living standards. They are neither mentally nor morally adapted to life on a
truly "homesteader" level, in the sense that the term was used during the opening
of the Midwest. Three or four generations ago, the transition from life at home
to life as a pioneer involved no great change ; mechanization was unthought of

in either place ; outdoor plumbing served its purpose in Oklahoma as in New York

;

horses and oxen furnished transportation and power at home and in the wilder-

ness. Today's homesteader leaves a highly mechanized, highly integrated social

structure for semi-isolation on a subsistence farm in Alaska. To date, only a
few settlers have successfully accomplished this transition—successfully, that is,

to the extent that they depend largely on their own land for food. These few
families are considered ill-housed, ill-clothed, and rather backward members of

their communities. Their neighbors, by taking for granted and even demanding
their accustomed standards of housing and clothing, and by insisting on commu-
nication and transportation networks comparable to those in highly developed
areas of the United States, fail to realize that the burden of all these services

is too great for the present social and economic status of the Territory. A
natural result of these stresses and conflicts is exploitation.

Podzol Soils

In the Anchorage area are many part-time farmers located on sandy
Podzol soils along the Spenard Koad. Vegetables, including potatoes,

are grown here. Part-time farmers have the advantage of a nearby
market. Tiny garden spots on Podzol soils Avere found near the settle-

ment of Kenai and at a few railroad stations in the Susitna Valley.



PRINCIPAL SOIL GROUPS OF ALASKA 123

Half Bog, Bog, and Other Soils

Half Bog soils associated with better drained Subarctic Brown
Forest soils are used for hay and pasture crops. Near the settlement

of Homer many of these soils have been used for vegetables. Only in

southeastern Alaska have tiny areas of Bog soils been in crops. These
areas are located within larger coastal towns, such as Sitka.

SOIL POTENTIALITIES

Soil potentialities in Alaska rest primarily on four sets of factors

:

(1) The location and area of the many types of soil and a knowledge
of the soil characteristics that determine their response to manage-
ment; (2) the state of the agricultural arts—of practices of soil use
and management as applicable to the different kinds of soil; (3) the
general economic outlook, especially of prospective prices and costs

of farm products and supplies; and (4) the development of correla-

tive resources and employment.
Assuming that the local soil types of Alaska were thoroughly under-

stood, scientifically classified, and accurately mapped—and much re-

search needs to be done to accomplish these essential tasks (28)—the

grouping of these soil types into arable and nonarable classes depends
upon the other three sets of factors as they apply to specific communi-
ties and finally to specific land tracts. One of two areas of similar

soils may be arable, because of its location in respect to social facili-

ties and markets ; the other, nonarable because of its comparative iso-

lation. The generally sandy soils near Anchorage, for example, are

used economically because of their location near the city. People
working in Anchorage can increase their incomes substantially by liv-

ing on small farms and raising vegetables for home use and perhaps
selling some. Yet it is not economic for families to devote their whole
attention to farming such soils in a distant community.
As agricultural research progresses in Alaska, new or revised prac-

tices and combinations of farming enterprises will certainly lead to

greater efficiency. The outlook is good for breeding more adapted vari-

eties of crops, for better livestock housing, for more effective market-
ing, and for other improvements. Yet these will apply unevenly to

different soils and in different communities.
Changes in transport costs, both of materials needed by farmers

and of competing fai'm products, are bound to have great effects upon
farm income and land settlement in Alaska.
Perhaps the most important factor of all, outside of the soils them-

selves, is the development of other kinds of employment and the local

market for the products that can be grown in the Territory. The
military establishments have had an effect in recent years. The future

of agriculture is closely related to the future of mining, fishing, recre-

ational development, forestry, and other activities. Low-cost electric

power, for example, developed partly for other uses, could have an
enormous effect on agriculture. Farmers could use it for starting

young plants in the spring, in handling livestock and poultry, for sup-

plemental irrigation, and in many other ways about the farmstead.
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Many acreage estimates of arable land in Alaska have been made
(28). Apparently many of these were based on what total area conld
be used if all economic factors were favorable everywhere in the Ter-
ritory. Even so, some of these seem fantastic to the authors. Large
areas, for example, could be used for summer grazing if winter feed
were available. Yet not much can be used for cattle in actual prac-
tice—only that located where winters are mild or near farms on which
animals can be cared for during the long winter season.

The authors are unable to make an estimate without more accurate
soil surveys—surveys in which the soils are examined deeply by quali-

fied soil scientists. General impressions based upon the superficial ap-
pearance of the vegetation, surface relief, and "topsoil" can be quite
misleading. The requirements of crop plants are unlike those of the
native plants. In fact, no soil in Alaska gives good production when
first cleared and cultivated. All require fertilizers and careful tillage

for optimum results. Thus the essential point in soil examination is

not simply the appraisal of the natural soil fertility or soil produc-
tivity when first plowed, but how the soil will respond to manage-
ment.

The authors have reasonable confidence in suggesting that under
anything like present economic conditions, the total area of soils suit-

able for cropping in Alaska is less than 1 million acres, probably a

great deal less. In 1946, some 1,400 acres were cropped near Fair-

banks and 8,000 in the Matanuska Valley. With small areas else-

where and the new clearings of the past 4 years, the total cropland
probably still falls under 15,000 acres. Yet this figure is deceptively

small. Many of the farms are used intensively for potatoes, other

vegetables, and dairy cattle of great importance to the economy of the

Territory.

If a critical need existed in the United States to farm every acre of

soil that could be made arable by clearing and other reclamation, as

it does in some countries, it is barely possible that a million acres

could be used in Alaska, perhaps even more if the Territory became
highly populated. But we must recall that large areas of soil suitable

for farming still exist in the mainland of the United States, not count-

ing land that could be brought into use through great irrigation works.

If an increased economic need for land forced the use for crops of a

million acres, or anything like it, in Alaska, at least 100 to 200 million

acres would already have been added to the cropland of the mainland
of the United States.

Soil Characteristics Afifecting Productivity

The great differences among the soils of Alaska have been empha-
sized in the reports of many representative examinations. Many of

these soils, like the Lithosols, Bog soils, Alpine Meadow, and most of

the Tundra and Half Bog, are clearly out of consideration. But the

soils that do have potentialities have many important characteristics

in common, as contrasted to most other arable soils in the world.

These include local soil types with at least 18 inches of fine material

—
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loamy fine sand to silt loam—over any base of gravel, cobbles, or other
coarse fragments, among- the Snbarctic BroAvn Forest and Podzol
groups, and among those in the Alluvial and Half Bog soil groups
that may be drained and protected from overflow. These common
characteristics that influence the use of the soils for crops may be
generalized roughly as follows

:

Shallow Sola.—Most of the soils are thin in the sense that the
biological processes concomitant with true soil formation are limited

to the upi^er 6 to 18 inches, even though finely divided rock materials

may be several feet deejD over coarse fragments or hard rock.

Soils Are Cold.—Soil temperatures are too low for the significant

growth of plant roots or other organisms below 6 to 18 inches, whether
the soils have frozen layers or not. Although the presence of perma-
frost influences drainage, like any other impenetrable layer, it has
other effects on the soil. Absence of permafrost does not necessarily

mean deeper root penetration, since a temperature below 42° F.

sharply limits or prevents plant growth. Because of the short grow-
ing season, plants must be started as soon as possible. This places a

great premium on early warming of the soil in the spring and makes
the use of mulches and cover crops during the winter generally
impracticable.

Low Clay Content.—The soils are exceedingly low in total clay

relative to silt and very fine sand. Because of the relative youth of the
soil material, because of the generally rapid flow of most streams that

carry the fine material to the sea, and especially because of the low
temperatures that favor mechanical weathering of rocks over chemical
decomposition, the fine soil particles are mostly coarse silt, very fine

sand, and fine sand, without much clay. A few deposits of slack-

water clays may be found in the deltas of large streams.

Organic Surface Horizons or Great Importance.—Under virgin

conditions, most of the potentially arable soils have relatively high con-

tents of organic matter in the surface, including the Ao o, Ao, and Ax
horizons. This is not true, of course, of a severely burned Podzol,
since its Ai horizon is very thin. Many of the Subarctic Brown Forest
soils have significant amounts of organic matter in their substrata

—

buried leaves, twigs, logs, and roots. But once the organic matter has
been lost through hot fires, through removal of the surface horizons
in clearing, by erosion, or in other wa^^s, it is very difficult to restore

it, mainly because of the very short growing season for green-manur-
ing crops. Full use needs to be made of animal manures. Resort must
also be had to compost and peat, or some combination of them. In
organic matter these soils contrast sharply with those of the tropics.

In the tropics organic matter is rapidly oxidized and lost, even in

virgin soils, but it is rapidly replaced. In the Arctic and subarctic,

the natural organic matter decomposes very slowly, but once gone, it

is only very slowly replaced.

Base Status and pH.—The upper horizons, ( Ao o, Ao, and Ai) of the

soils are acid, often extremely acid; but the lower horizons, except for

892183°—51 9
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the B horizons of Podzols, are commonly slightly acid to slightly

alkaline. Thus after clearing and plowing, the plowed soil (Ap)
becomes a mixtnre that is usnally fairly well supplied with exchange-
able calcium and magnesium and is only slightly acid. As would be
expected, there are some exceptions to this generalization. The Ap of
Podzols is acid. The surface layers of Tundra soils are commonly
very acid ; but among the soils now potentially suitable for cropping,
only a few fields may be expected to respond to lime.

Soil Structure and Consistence.—Partly because of the character-

istics explained above and partly because of repeated freezing and
thawing, the soils generally have a soft granular or crumb structure.

Many are almost fluffy. Thus few problems of bad structure from
puddling arise; but on slopes, bare surface soils are subject to wash if

exposed to heavy rains while the subsoil is frozen. Surfaces exposed
to strong wind, especially on knolls or terrace edges, are subject to

serious blowing.

Potassium.—Although the data reported suggest relatively low
amounts of exchangeable potassium, most soils can supply crops with
potassium. Doubtless potassium fertilizer will be needed, however, for

intensive vegetable production, especially on sandy soils.

Phosphorus.—The data show wide ranges in available phosphorus,
but the content is generally low in most soils. These data are only
suggestive. Many more analyses are needed on actual field plots and
fertilized fields on farms in order to standardize the interpretation of

the results of chemical methods. Apparently most of the available

phosphorus in the natural soils is tied up with the organic matter and
is sometimes lost in clearing. The evidence available now indicates

need for substantial applications of phosphatic fertilizers on nearly all

fields used for crops.

Nitrogen.—Nitrogen fertilizers are needed for optimum production
of nearly all crops because of the cold soil and the need for early

growth and because of the relatively high ratio of carbon to nitrogen
in the natural soil organic matter.

Minor Nutrients.—^Like phosphorus, probably the available supply
of minor nutrients is mainly tied up in the organic matter. It is known
that manganese is low in many soils and is needed as a fertilizer on
some fields. Cobalt deficiency may become a problem on some farms.
Even excess of molybdenum in forage is a possibility. At this writing
no other deficiencies or excesses can be suggested, but deficiencies of

other nutrients may develop with long cropping in systems that do
not conserve organic matter but that do keep the other plant nutrients

at a high level.

Contrast Between Virgin and Cultivated Soils

Although few data are available on the effects of cultivation on the
virgin soils, some generalizations can be made about contrasts that

should be taken into account in estimating the arable soil that may be
had from a given virgin soil.
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The virgin soil is normally protected by a thin or moderate stand of

trees, an nnderstory of shrubs, and a ground cover of mosses, besides

Avell-developed Ao o and Ao horizons. The soil underneath—the sur-

face soil or upper solum—normally has a soft crumb structure, with

an almost fluffy consistence and a very low volume weight. The re-

moval of the vegetation and the plowing of the soil have several drastic

effects to change it.

Sun and Temperature.—First of all, the mineral soil is exposed for

the first time to the direct rays of the sun. Its temperature, and conse-

quently all chemical and bioligical reactions, are increased. Where
permafrost is present, in regions of discontinuous or sporadic perma-
frost, the permafrost table is driven down and near critical margins
of its occurrence it completely melts. Where large blocks of ice were
imbedded in it, the relief may be changed (fig. 48). Thus a smooth
virgin soil may become hilly and bumpy after a few years of cultiva-

tion during which the permafrost melts.

Figure 48.—Field at Fairbanks Agricultural Experiment Station. This micro-
relief resulted from the melting of ice in the permafrost. The field was cleared
about 1908 and became too hummocky for cultivation about 1921.

Volume Weight and Thickness.—The volume weight is reduced
enormously by the compaction of the upper horizons. A virgin soil in

a road cut may appear to the casual observer to be 24 inches deep over
cobbles. But this may be measured from the very surface of the
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ground.^^ Suppose that the Ao o horizon is 4 inches thick and the Aq is

3 inches thick, and that the upper 10 inches of soil has a very low
volume weight. When cleared and cropped for a few years, such a

soil may be only 12 to 14 inches deep over the cobbles or gravel, not
counting any losses by sheet wash or soil blowing.

As the soil becomes more compact, tillage implements bring in-

creasing amounts of the lower soil into the plowed layer (Ap), often

along with little sticks—buried twigs, branches, and roots—that inter-

fere Avith the cultivation of small plants.

Okganic Matter.—If in clearing the surface organic layers (Ao o,

Ao, and Ai are severely burned or scraped into windrows by deeply set

bulldozer blades, the cultivated soil may have a low content of organic
matter at the very start of cropping (fig. 49). Settlers are tempted
to do this to avoid grubbing for the shallow roots.

Exposure to Water and Wind.—Normal soil erosion on potentially

arable soils is very little in Alaska, partly because of the climate and
partly because of the protective cover. With cultivation, surface soils

are exposed to both wind and water.

Acidity and Exchangeable Bases.—Whereas many virgin soils

have very acid horizons in the immediate surface, cultivation generally
produces a surface layer (Ap) well supplied with exchangeable cal-

cium and magnesium and only slightly acid, except in Podzols.

Special Problems of Soil Use

Some of the problems needing special attention on the potentially

arable soils of Alaska are suggested in the following paragraphs.

Land Clearing.—Early land-clearing methods have been replaced
generally by the use of the bulldozer. With this method soils in Alaska
can be badly damaged through removal of the organic surface layers

and their ultimate destruction. It is difficult to burn freshly cut trees

and moist stumps. These are thrown into great windrows at the
margins of the field, then later burnt. The partially burnt remains
are concentrated into piles with the bulldozer and burned again, until

finally they are destroyed. In the process, the Ao o and Ao horizons
may be destroyed, and even much of the Ai horizon if the blades of the
machine are set deeply.

Methods that save the organic matter involve the winter use of a
bulldozer, without deep prongs, to shear the trees from the frozen soil.

Later the prongs may be used to remove stumps and large roots,

(fig. 50).

Maintenance of Organic Matter.—Emphasis has already been
given the need for saving the highest possible proportion of the natural
organic matter. Perhaps better methods of green manuring will be
developed some day. Russian soil scientists have reported good suc-

cess in the subarctic w^ith lupines for green manure in rotation with
potatoes.^^ On dairy farms, barnyard manure, alone or composted

^^ Measurements of soil profiles should be made from the upper mineral horizon,
usually the top of Ai, not the surface of Ao o or A,,.

^^ Personal communication from D. N. Prianishnikov in 1945.



130 U. S. DEPT. OF AGRICULTURE MONOGRAPH XO. 7

with peat and other organic matter, can be used. Most peats in

Alaska are too raw for direct use, but some fairly well decomposed
ones, useful for this purpose, are available. Compost needs emphasis
on garden and vegetable fields where manure is unavailable and soil

organic matter is low.

FiGUBE 50.—A bulldozer with prongs for removing roots and stumps following
the shearing of the trees. (Photo by D. A. Savage.)

Cropping Systems.—It is hoped that dependable perennial legumes
may be found that are resistant to winterkilling and to heaving dur-

ing spring freezing-and-thawing. Several promising possibilities

need further research. It is difficult to get good seed crops of some
legumes, like Siberian alfalfa, that might produce seed elsewhere and
still preserve their winter hardiness. Further improvements in small

grains may be expected. Relatively good summer pastures may be
had. but oats-ancl-peas are still low yielding for hay or silage. Hay is

difficult to cure naturally because of the light summer rain, especially

in the Matanuska Valley. Thus it is still difficult to work out a good
cropping sj^stem that will maintain organic matter, protect the soil,

and furnish abundant roughage for winter feed. Partly for this rea-

son and parth^ because of their stimulation by the long sunnner days,
weeds are a very serious problem on most of the cropland in Alaska,,
especially such weeds as lambsquarters, horsetail, and chickweed.

Fertilizer Requirements.^^—Most arable soils in Alaska require
fertilizers from the very beginning of their use for crops. Much labor
is wasted if the}^ are not used. Visual s^^mptoms of nutrient deficien-

cies in crops are common. Most vegetable growers use commercial
fertilizers containing nitrogen, phosphorus, and potassium, but inade-

' Allan H. Miek supplied recent information.
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quate information is available for developing precise recommenda-
tions for the important local soil types. Kesearch is under way to

determine their responses to various combinations and amounts of

nitrogen, phosphorus, potassium, and some of the minor nutrients.

Fertilizers are also needed on small grains. Contrasting streaks can
be seen in many unfertilized grainfields following potato fertilization

in the row (fig. 51).

ll^^K

'i\

P'iGURE 7)1.—iSmall grains oileii ivsi)<)ii(l to the residual i'eriili/ei- ii'oin llie previous
potato crop, fertilized in the row. Subarctic Brown Forest soil: A, Advanced
maturity of barley due to residual phosphate showing in streaks. B, Similar
effect on oats and barley.
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Figure 52.—Typical uneven growth of pasture grass on Subarctic Brown Forest
soil. The protein content in the •"good" spots is double that of the grass in
the "'poor" spots.

FiGUKE .JO.—Oats-aud-pea haytield ou Subarctic IJrowu Forest soil near Palmer,
The more vigorous growth at the right marks the site of a burned windrow.
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Nitrogen deficiency symptoms are common. A sample of pasture

grass from a "good" spot had deep-green color, excellent growth, and
nearly 20 percent protein; while a sample from an adjacent "poor"

spot in the same field had a pale-green color, stunted growth, and just

under 10 percent protein (fig. 52). In another field oats varied

similarly within a few feet, from about 7 percent protein to nearly 12

percent. Many fields and pastures are very spotted indeed because

of differences in the manure added and differences in the amount of

organic matter in tlie soil. If the natural soil has a well -developed

microrelief or a billowy surface, the bulldozer blades scrape all the

surface from some spots and may even add surface soil to low spots.

Crops growing on the sites of the old windrows are almost always
more vigorous than those in the fields (fig. 53)

.

Although the Subarctic Brown Forest soils. Alluvial soils, and Half
Bog soils are not strongly leached, recent experience indicates that

yields of forage may be increased 400 to 600 percent by applications

of nitrogenous and phosphatic fertilizers. Such soils never did con-

tain enough of these nutrients in available form for optimum growth.
Although lime and potash may be needed on some fields, on the whole
they give little response. In fact, the pH of some cultivated soils

is already 7 or slightly above.

Symptoms of manganese deficiency on oats are common in the Mat-
anuska Valley. On the basis of his work in 1948 and 1949, Allan H.
Mick suggests that this deficiency has reduced the oats crop in the

Valley by 15 to 25 percent.

The efficiency of farming and the prospect for future settlement

depend a great deal on getting the precise fertilizer needs of the com-
mon soil types worked out and reliable rapid soil-testing methods
developed. Fortunately, the necessary research, including soil

mapping, is under way.

Drainage.—Many soils in Alaska otherwise suitable for farming,
especially Alhivial and Half Bog soils, are poorly drained. Even
the virgin Subarctic Brown Forest soils give an initial impression of
imperfect drainage, but they are well enough drained when cleared

and cultivated.

Many of the Half Bog soils need only a little artificial drainage to

be suitable, at least for hay and pasture. With adequate artificial

drainage, their range of adapted crops is about as great as that of the

associated Subarctic Brown Forest soils. Some of the Alluvial and
Half Bog soils near Fairbanks owe their poor drainage partly to a
permafrost table some 15 to 20 inches beneath the surface. Although
still wet for a year or so after clearing, the permafrost table may be
driven down to 40 or 50 inches by the additional heat absorbed by the
exposed soil. Then the soil becomes well drained enough for hay,
or even for vegetables, with little or no ditching.

Irrigation.—Rainfall is light where most of the arable soils are
found. Irrigation during critical periods of the growing season can
be exceedingly helpful. Excessive moistening needs to be avoided
because of the hazard of waterlogging, especially in soils underlain by
permafrost. For this reason, and because fields are small and often
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widely separated, sprinkler irrigation seems now to hold good promise
as the practical method.

RuxoFF AX'D Erosiox Coxtrol.—Although neither runoff nor erosion
are critical problems on much of the soil now occupied, they are seri-

ous problems on a small part of it. The hazard of excess runoff' and
sheet erosion exists on some of the long slopes, especially in spring
while the lower soil is still frozen. On long slopes of more than 0V2-

to 5-percent gradient, especially near the northern part of the farm-
ing community near Fairbanks, serious sheet erosion can be seen.

Good farming practices, carried out on the contour, will help. On
the more sloping areas, strip cropping is necessary. Terraces have
been used with mixed results. On such shallow soils, their construc-

tion buries too much of the surface soil. It is easy for the terrace

channels to get blocked with ice : then where the water overtops the

terrace, gullies are started. Once gullies get started in this fluffy soil,

they may gi'ow rapidly.

Special kinds of gullies are initiated by the melting of ice blocks in

the permafrost (fig. 15) . Although such gullies superficially resemble
ordinary gullies, little or no soil material flows from them. Yet if the

contour of the land is such that surface runoff does get concentrated

in these gullies, they may deepen and become ordinary gullies.

A serious local problem is stream-bank cutting. Already parts of

cleared fields along the Matanuska River have been removed during
periods of high water (fig. 5-i)

.

Soil Blowixg.—^Although the Tanana Valley has little or no wind,
strong winds from the northeast blow over the Matanuska Valley in

winter and from the southeast in spring (fig. 55). Unprotected and
exposed soil in the path of these winds may be moved about. The
worst hazards are on knolls and the margins of escarpments. For-
tiniately, many settlers have left strips of tmcleared forests for wind-
breaks. Others will need to establish windbreaks.

SUMMARY

The definition, classification, and distribution of the principal soil

groups in Alaska are suggested from (1) field studies, including visits

to the principal soil regions, detailed soil examinations at many se-

lected sites, and observations of present soil use; (2) laboratory ex-

aminations of about 250 soil samples: and (3) reviews of other geo-

graphic and soil research. Tundra and Podzol are regarded as the
principal zonal soils, although only a small total area of well-de-

veloped Podzols exists.

A new intrazonal soil group—the Subarctic Brown Forest— is de-

scribed. Most natural soil types in this group are relatively (1)

young, (2) unleached except for the very surface, (3) well supplied

with organic matter, esjjecially in a surface acid mat, (J:) well gTan-

ulated below mat, (5) low in clay in relation to silt and sand, (6)

friable to fluffy in consistence, and (7) lacking in genetic texture pro-

file. Although cold below 18 inches, they may or may not be under-

lain by permafrost. In the Matanuska Valley, these soils are now
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Figuke54.—A torrent clianiiel of the Matanuska River cutting away cleared farm
land.

forming in the presence of loessal deposition. The total area of the
group is small in relation to that of Tundra, Lithosol, Bog, Half Bog,
and Alluvial soils, yet the Subarctic Brown Forest group includes the
greater part of the soils now cultivated and a substantial part of the
soils potentially suitable for farming.
Most of the soils in Alaska are too thin over rock or coarse frag-

ments, too steep, too cold, or too wet for economical production of the
varieties of crop plants now grown with the practices now available.

The authors suggest an outside limit of 1 million acres of potential

arable soil under anything like present economic conditions and farm-
ing practices.

The morphology of many soil profiles and laboratory data on them
are discussed in relation to one another, to soils elsewhere in the world,
and to the genetic factors of the environment. The general distribu-

tion of permafrost is shown. Its effects on soil formation are dis-

cussed. Large areas of Tundra in northern Alaska have shallow
permafrost tables, whereas the Tundra in the Aleutians is without
permafrost. Permafrost occurs erratically under many of the other

soils.

The agricultural potentialities of the soils, described and shown on
a schematic soil association map, are suggested. The characteristics

of the arable soils that affect their use for crops are summarized, as

well as the principal problems of soil use and management.



136 "L'- S. DEPT. OF AGRICrLTURE MONOGRAPH XO. 7



LITERATURE CITED

(1) Anderson, J. P.

1943. FLORA OF ALASKA AND ADJACENT PARTS OF CANADA, PART 'J. lOWa
State Col., Jour. Sci. 18 : 137-175, illus.

(2) Association of Official Agricultural Chemists.
1945. official and tentative methods of analysis of the association

OF OFFICIAL AGRICULTURAL CHEMISTS. 932 pp. WasllillgtOll, D. C.

(3) Baldwin, Mark, Kellogg, Charles E,, and Thorp, James.
1988. soil classification. U. S. Dept. Agr. Yearbook (Soils and Men)

1988: 979-1001.

(4) Bennett, H. H.
1918. report on a reconnoissance of the soils, agriculture, and other
resources of the kenai peninsula region of ALASKA. U. S. Bur. Soils

Field Operations 1916, Advance Sheets, 142 pp., illus.

(5) and Rice, T. D.
1919. SOIL reconnoissance in ALASKA, W^ITH AN ESTIMATE OF THE AGRI-

CULTURAL POSSIBILITIES. U. S. Bur. Soils Field Operations 1914. Kept.
16 : 43-236, illus.

(6) Black, R. F.

1950. PERMAFROST. In Applied Sedimentation (Trask, P. D., Editor),
pp. 247-275, illus. New York.

(7) Capps, S. R.
1981. glaciation in alaska. U. S. Geol. Survey Prof. Paper 170, pp. 1-8,

illus.

(8) Dachnowski-Stokes, A. P.
1941. PEAT RESOURCES IN ALASKA. U. S. Dept. of Agr. Tech. Bui. 769,

84 pp. illus.

(9) Ellis, N. R., Kauffman, W. R., and Miller, C. O.
1939. COMPOSITION OF THE PRINCIPAL FOODSTUFFS USED FOR LIVESTOCK. U. S.

Dept. of Agr. Yearbook (Food and Life) 1939: 1065-1074.

(10) Frasek, G. K.
1933. STUDIES OF SCOTTISH MOORLANDS IN RELATION TO TREE GROWTH. [Gt.

Brit.] Forestry Commission Bui, 15, 128 pp., illus.

(U) Glinka, K. D.
1914. DIE TYPEN DER BODENBILDUNG, IHRE KLASSIFIKATION UND GEO-

GRAPHiscHE VERBREITUNG. 305 pp., illus., Berlin [Also in English, the
GREAT SOIL GROUPS OF THE WORLD AND THEIR DEVELOPMENT. (TranS. by
Marbut, C. F.), 150 pp. Ann Arbor. (Processed),]

(12) Jenny, Hans.
1941, factors of soil formations i a system of quantitative pedology.
281 pp., illus. New York.

(13) Kellogg, Charles E.
1941. THE SOILS THAT SUPPORT US. 370 pp., illus. New York,

(14)
1941. CLIMATE AND SOIL. U. S. Dept. Agr. Yearbook (Climate and Man)
1941 : 265-291. illus.

1946. SOIL SCIENCE IN RUSSIA. Land Policy Rev. 9 : 9-14.
(15)

(16)
1948. MODERN SOIL SCIENCE. American Scientist 36: 517-536, illus.

(17) Kilmer, V. J., and Alexander, L. T.
1949, METHODS OF MAKING MECHANICAL ANALYSES OF SOILS. Soil Sci.

68: 15-24, illus.

(18) KiNCER, J. B.
1941. ALASKA (CLIMATIC SUMMARY). U. S. Dept. Agr, Yearbook (Cli-

mate and Man) 1941 : 1211-1215.

137



138 U. S. DEPT. OF AGRICULTURE MONOGRAPH XO. 7

(19) MULLER, S. W.
1945. PEEMAFROST OR PERMANENTLY FROZEN GROUND AND RELATED ENGINEER-

ING PROBLEMS. U. S. Geol. Survey, Military Geology Unit and U. S.

Army, Oft'., Chief of Engin., Military Intel. Div., Spec. Report Strategic
Engin. Study 2, 231 pp., illus.

(20) NlKlFOROFF, CONSTANTIN.
1928. THE PERPETUALLY FROZEN SUBSOIL OF SIBERIA. Soil Sci. 26: 61-81,

illus.

(21) Peech, Michael, and others.

1947. METHODS OF SOIL ANALYSIS FOR SOIL FERTILITY INVESTIGATION. U. S.

Dept. Agr. Cir. 757. 25 pp.

(22) Robinson, W. O., and Edgington. Glen.
1948. toxic aspect of molybdenum in vegetation. Soil Sci. 66 : 197-198.

(23) Sandell, E. B.
1944. colorimeteic methods for the determination of traces of metals.

500 pp., illus. New York.

(24) Smith, P. S.

193-9. AREAL GE0L0»Y OF ALASKA. U. S. Geol. Survey Prof. Paper 192,
100 pp., illus.

(25) Soil Science.
1949. SOIL classification. Soil Science [Special issue] 67 : 77-191, illus.

l26) Tarr, R. S., and Martin, L.

1914. AI.ASKAN GLACIER STUDIES OF THE NATIONAL GEOGRAPHIC SOCIETY IN
THE YAKUTAT BAY, PRINCE WILLIAM SOUND AND LOWER COPPER RIVER RE-

GIONS. Natl. Geog. Soc. 498 pp., illus. Washington.
(27) Tuck, Ralph.

1940. origin of the muck-silt deposits at fairbanks, alaska. geol.

Soc. Amer. Bui. 51 [9] : 129.5-1310. illus.

(28) United States Department of Agriculture.
1949. REPORT ON exploratory INVESTIGATIONS OF AGRICULTURAL PROBLEMS

OF ALASKA. Agr. Rcs. Admin., Misc. Pub. 700, 185 pp., illus.

(29) United States Weather Bltreau.
1943. climatic atlas for axaska. Weather Inform. Branch, Head-

quarters Army Air Forces Rpt. 444, 229 pp., illus.

U. S GOVERNMENT PRINTING OFFICE: 1951

For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington 25, D. C







)F SOIL ASSOCIATIONS

Map sv^}

esent
acing

Summer grazing in local areas.

S

soil

aska
astal

ains;

lOUS.

Summer grazing in local areas.

Very small, scattered areas suitable for

vegetable gardening, a few small
fruits, and some dairying.

3s a f 4-E, especially in the coastal mountain ranges.

I

I





LEGEND FOR THE SOIL MAP: PATTERN OF GREAT SOIL GROUPS, RELATED CHARACTERISTICS, AND SUGGESTED AGRICULTURAL POTENTIALITIES OF SOIL ASSOCIATIONS

Great soil groups

Relief and distribution pattern Variations and inclusions
Presence of permafrost and other

prominent features
Map symbol

Predominant groups
Estimated
proportion ^

Suggested agricultural potentialities

1-A Tundra
Percent

40-50
5-10

Tundra flats dotted with ponds and lakes
and crossed with many streams.

Fresh alluvium; gravelly and
sandy beaches; sand dunes
along coasts; Bog soils.

Soil permanently frozen from about 6

to 18 inches below surface to depths
of several hundred feet; all but
largest rivers freeze solidly to perma-
frost.

Grazing by reindeer and other hardy
animals. Protected places in Kotze-
bue lowlands suitable for tiny
gardens.

Alluvial

1-B Tundra-- 40-70
10-15

Tundra flats dotted with ponds and lakes
and crossed with many streams.

Fresh alluvium; gravelly and
sandy beaches; Bog soils.

Soils are not generally permanently
frozen except for scattered spots
where depth to permafrost is 1 to 3

feet; wide areas flooded by flood-

waters from rivers and by high tides.

Similar to 1—A but somewhat more
Alluvial favorable for very extensive grazing

and for gardening.

1-C Tundra- - 60-70
10-15
10-15
5-10

Tundra soils on poorly drained lowlands
near coast, sloping upward and away
from coast, and on hills on the Alaska
Peninsula; scattered Regosols from sand
dunes and volcanic ash and cinders on
fiats and hills; a few Lithosols on isolated

rocky hills in Nushagak and Mulchatna
Valleys.

Permafrost is generally not present;
sand dunes, both active and stabi-

lized; glaciofluvial sands and gravel;
volcanic ash and cinders.

Under expert management, Hvestock
raising and vegetable growing feasible

locally.

Bog- _ _ _

Alluvial-
Regosol and Lithosol

1-D Tundra. _ 60-80
10-20
5-10

Tundra soils on plains and foothills rising to

3,000 feet and on strongly sloping ridges
interspersed with valleys; Lithosols oc-

cupy high ridges of sandstone and shale;
Alluvial soils in valleys.

Fresh alluvium; Bog soils North of Brooks Range and contiguous
mountains, subsoil and bedrock
perennially frozen to depths ranging
from 50 to 500 feet, with depth to
permafrost ranging from 6 to 18
inches; southeast of Kotzebue Sound,
bedrock is generally unfrozen but
unconsolidated substrata are gener-
ally frozen; thickness of soil over bed-
rock varies greatly within short
distances.

No foreseeable agricultural use. (Sum-
mer home of many migratory water-
fowls.)

Lithosol
Alluvial

1-E Mountain Tundra
Subarctic Brown Forest
Lithosol

40-50
20-30
10-20
5-10
5-10

Mountains and foot slopes have mainly
Tundra soil on slopes greater than about
25 percent; several slopes have Lithosols
and bare outcrops of limestone, sand-
stone, and shale; Subarctic Brown Forest
soils with Boreal forest follow foot slopes
and lower valleys; Alluvial, Bog, and
Half Bog soils in valleys.

Boulders and cobbles in river

beds.
Bedrock is generally unfrozen but sub-

strata are perennially frozen; depth
to permafrost ranges from 6 to 24
inches in lower valley slopes to 5 feet

or more on upper south-facing slopes;

solifluction on lower steep slopes.

No foreseeable agricultural use other
than some summer grazing for rein-

deer.
Bog and Half Bog
Alluvial

2-A Half-Bog 30-40
20-30
10-20
10-20
2- 5

Broad fiats of low terraces and alluvial

bottom lands crossed by meandering
streams and dotted with ponds and lakes;

Alluvial, Half Bog, and Bog soils in bottom
lands; Subarctic Brown Forest soils on
better drained terraces; Half Bog and
Bog soils on low terraces and in poorly
drained parts of high terraces.

Fresh alluvium; rock outcrops.— Subsoil is permanently frozen but un-
frozen areas (taliks) occur locally;

permafrost deep or absent near river

banks; ponds and lakes filled by over-
flow from the tributary rivers during
flood stage.

Subarctic Brown Forest soils are suitable

for hardy, short-season crops and
pasture; other soils unsuitable for

agriculture.

Subarctic Brown Forest
Alluvial
Bog
Podzol

2-B Half Bog--- __- .. 40-60
20-30
10-20
10-20

Large alluvial basins and terraces; includes
fiat poorly drained flood plains with
Alluvial, Half Bog, and Bog soils; and old
alluvial terraces and foot slopes with Sub-
arctic Brown Forest, Half Bog, and Bog
soils.

Fresh alluvium; rock outcrops
and rock benches; sand dunes.

Permafrost similar to 2-A; frost action
is great and may be further aggra-
vated by irregular subsidence of the
ground.

Subarctic Brown Forest soils are suit-

able for hardy short-season crops
and pasture. Other soils unsuitable
for agriculture.

Subarctic Brown Forest
Alluvial
Bog—

2-C Half Bog 40-60
10-15
10-15
5-10

Nearly level very broad basin with many
scattered ponds and lakes; Half Bog soils

on broad level flats; Bog soils in slight

depressions; Subarctic Brown Forest
soils on higher ridges, terraces, and stream
banks.

Fresh alluvium The soils are without continuous per-

mafrost but it occurs sporadically.
Local areas, mainly Subarctic Brown

Forest soils, suitable for hardy short-

season crops and pasture; other soils

unsuitable for agriculture.

Subarctic Brown Forest
Boe
Alluvial

2-D Half Bog 20-30
20-30
10-15
5-10
5-10

Lake-dotted swampy lowland covered with
Bog and Half Bog soils broken by low
hills, sand bars, and sandy terraces
topped with Podzol and Subarctic Brown
Forest soils; Alluvial soils along the many
streams.

Fresh alluvium; sand dunes;
and sandy beaches.

Permafrost is generally absent; float-

ing bogs make travel dangerous.
Generally unsuitable for agriculture.

Some small places on the terrace tops

are suitable for crops, but these places

are isolated by impassable bogs and
open water.

Boff

Alluvial
Podzol
Subarctic Brown Forest

3-A Subarctic Brown Forest
Tundra. _

20-30
20-30
20-30
5-10
5-10

Similar to 1-E except for narrower ridges
and a greater proportion of coarse-tex-
tured substrata and gravelly terraces;

Lithosol and Tundra soils on higher
mountain slopes.

Boulders and cobbles in river

beds; fresh alluvium.
South of Brooks Range and contiguous

mountains, subsoil, bedrock, and
permafrost similar to 1-E; perma-
frost under soils with gravelly sub-
strata is usually deeper than 5 feet;

in southwestern Alaska permafrost
is discontinuous and, where present,

it is several feet deep.

Similar to 2-A.

Half Bog and Bog
Alluvial
Lithosol

3-B Subarctic Brown Forest
Half Bog

40-50
20-30
10-15
10-15
10-15
2-5

Undulating to rolling upland with several Fresh alluvium; Lithosol; Al-
steep hills, plateaus foot slopes and low r»inA IVTpoHnw

Bedrock is generally unfrozen, but un-
consolidated substrata are generally
frozen except for many upper south-
facing slopes. Depth to perma-
frost ranges from 6 to 24 inches in

the valley bottoms and down to 10
feet or more on the upper slopes; it

gradually disappears towards the
south-facing slopes.

Subarctic Brown Forest soils suitable

for vegetable growing, including po-
tatoes, quick-maturing small grains,

and grasses. Some arable Half Bog
and Alluvial soils. Bog and Tundra
soils unsuitable for agriculture. (Sev-

eral successful farms in operation.)

Alluvial mountain ridges with elevations between
500 and 3,000 feet; Tundra soil on slopes
generally above 2,300 feet; Subarctic
Brown Forest soils on lower slopes and
lower ridges; Half Bog soils on foot slopes,

seep slopes, and valley floors; Alluvial
soils along streams.

f"'^ V,...

Mountain Tundra . _

Bog. ._-
Podzol

3-C Subarctic Brown Forest
Half Bog.

30-40
20-30

Nearly level to rolling steep-faced gravelly \ Gravel and sand along streams;
terraces from 10 to several hundred feet ' pnhhip hpH* witVinnt >^iif mv-

Permafrost discontinuous; some dry
permafrost in gravelly materials.

Like 2-C.

Alluvial _ _ 20-30
10-15

above stream level, with rather broad
alluvial flood plains bordering the rivers
and larger tributaries; some terraces are
deeply incised; Subarctic Brown Forest
soils on nearly level tops of gravelly ter-

races and well-drained parts of silt-cov-
ered terraces; Half Bog and Bog soils in

depressions of terraces and in bottom
lands; Alluvial soils in the flood plains.

ering; rock outcrops; beach
sand and gravel; dune sand.Bog .

3-D Subarctic Brown Forest
Podzol -

20-40
20-40
10-20
5-10
5-10

High and broad terraces; piedmont plains
and morainic ridges dotted with bogs and
lakes and crossed by alluvial bottom
lands; Podzol and Subarctic Brown
Forest soils on well-drained terraces;
Half Bog soils on poorer drained terraces;
Alluvial soils in the flood plains.

Fresh alluvium; cobble beds
without silt covering; sand
bars in braided streams; sand
dunes.

Permafrost is generally absent. The
Matanuska Valley is nearly every-
where underlain by loose mixtures of

cobbles, gravel, and sand; other areas
are underlain by a greater propor-
tion of sands.

Subarctic Brown Forest soils suitable

for truck farming, dairying, and
mixed farming. Some arable Podzol,
Alluvial, and Half Bog soils. (Many
successful farms in operation.)

Half Bog
Bog
Alluvial

4-A Lithosol. 40-50
30-40
5-10
5-10

Lithosols are mainly rubbly material, a few
inches to a few feet deep, on mountains of
solid rock; Tundra soils on the rounded
soil-covered mountains and lower foot
slopes.

Bare rock outcrops In northern mountains, substrata and
bedrock perennially frozen to depths
ranging from 50 to' 500 feet. Moun-
tains within the Central Valley and
Plateau generally frozen below the
surface except for a few unfrozen
spots (taliks); mountains between
Kuskokwim Bay and Bristol Bay
probably unfrozen; rubbly material,
large boulders, and rock outcrops
conspicuous.

No foreseeable agricultural use.
Tundra _- _

Alpine Meadow. _

Alluvial _

4-B Lithosol _ 40-50
30-40
5-10
5-10
5-10
5-10

Lithosols on solid rock, generally above
1,000 feet; Tundra and Bog soils in lower
stabihzed valleys and on smooth up-
lands; Regosols are largely volcanic ash
and cinders.

Fresh alluvium; a few glaciers on
highest mountain peaks; old
soils covered with a few inches
or more of volcanic ash and
cinders.

Permafrost absent except for highest
land and northern slopes; volcanic
deposits conspicuous.

Livestock production in small isolated
Tundra--
Alpine Meadow
Bog -

Alluvial

1

Regosol

4-C Lithosol
Tundra
Bog

30-40
30-40
10-20
5-10
5 10

Lithosols on soKd rock; volcanic cones;
Alpine Meadows on high mountains;
other soils as in 4-B.

Similar to 4-B; dune sands on
some islands, notably Adak,
west coast of Amchitka, and
north coast of Shemya; small

Similar to 4-B; relative proportions of
soils and landscapes vary from island
to island.

Livestock production in small isolated

areas.

Alpine Meadows
AlluWai
Regosol 5-10 Unimak and Unalaska Islands.

4-D Lithosol 20-30
20-30

10-20
5-10
5-10

5-10
5-10

Lithosol and Alpine Meadow soils asso-
ciated with bare rock and highest moun-
tains; Tundra and Half Bog soils gener-
ally on less steep slopes and the lower
mountain slopes; Bog and Podzol soils

generally near the timber line and below
it.

Fresh alluvium; bare rock out-
crop.

Permafrost is generally not present
except in high land and north-facing
slopes.

Summer grazing in local areas.
Mountain Tundra and
Half Bog.

Alpine Meadow
Alluvial
Podzol and Ground-Water

Podzol.
Subarctic Brown Forest
Bog ___ _

4-E Lithosol (with glaciers and
snowfields)

.

Mountain Tundra and
Half Bog.

Bog.. _

40-50

20-30

10-15
10-15
5-10
5-10
5-10

Lithosol and Alpine Meadow soils associated
with bare rock and highest mountains;
Tundra and Half Bog soils generally on
less steep slopes and lower mountain
slopes; Bog and Podzol soils generally
near the timber line and below it.

Similar to 4-D, plus large areas
of snow and ice.

Bedrock is generally unfrozen, but soil

cover is frozen in parts of Alaska
Range; generally unfrozen in coastal
ranges except on high mountains;
permanent snow and ice conspicuous.

Summer grazing in local areas.

Alpine Meadow
Alluvial

.

Regosol _ _ . _

Weak Podzol

5 Regosol _ 20-30
20-30
20-30
5-10
5-10
2- 5

Bog, Half Bog, and Alluvial soils on flat

ground, in coves, on lower valley slopes
as steep as 15 percent, alluvial bottom
lands, deltas, and narrow coastal beaches;
Regosols are fresh deposits of glacial
streams (fresh alluvium) and sandy
deposits on beach ridges, off-shore bars,
and dunes—most common on north coast
of the Gulf of Alaska.

Bare rock on lower mountain
slopes.

No Dermafrost Very small, scattered areas suitable for

vegetable gardening, a few small
fruits, and some dairying.

Bog
Alluvial
Lithosol
Half Bog
Weak Podzol

1 Lakes and ponds make up at least 40 percent of the total area of 1-A and 1-B, and about 25 percent of 1-C, 2-A, 2-B, 2-C, and 2-D. Permanent ice and snow cover large areas of 4-E, especially in the coastal mountain ranges.
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